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iiKv. AJs'imi'iw r. muiiOBY. 



When I fivst mcnlioncd that I Imtl TindcrlaliCii ii Hcsenrcli 
into tlic I-aws of Force, you cncoiivagcd me to follow up tlio 
invosligafiori ; ntul from ihaf (itiio yoti linvo constanlty oxtctulod 
lo mc yoiiv sympixtliy, and liavc manifostcd a kind iiilercsl ii» 
the result of my label's. Thus yoH aro intimately ossoeiatcd 
ii) my mind n-i{h tiio work, (Iiough it in bnl just lo say Itmt you 
arc ill no sense responsible for (lie correctness of any of my 
deductions. I dedicate Iho book to you as an acknowledgment 
of yoiir kindness, and as a manifestation of my respect for 
Ihe power of mind ivhicli has nol only given you your eminent 
position 'm your profession, but is conspicuous in every depart- 
ment of learning to which yovir allention has been diroctcct. 
With sincere regard, 

Your friend, 

SAi^IUl'U- K. COUKS. 
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)';illtATA, 
I'ago 167, liHO 30lh — read, dciceixh loaloKir ki-el. 
" 103, lino Sid — -Tor turg, reail iiioif. 
" SS3, lino Jih — for their, toai! these. 
" 1303, line 2d — • tor common, icnd coming. 
" aJS, nolo-— oinit tho qiiolalioii marks in llio sccoiiil pBtflS'ipS'. 
" asO,liiioaih~iiisort/i4ebi!furo work — iiexl line, oinil ttcbisforo la 
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INTUODlJCTtON. 



[I'ltKSK outliuca of a Syatem of Mcclianical Piiilosojjliy 
avo tlio result of a research mado by the author, for hia own 
Histriiction. In tlio rcsoarcli he attempted to sopavato sup- 
position from fact, — tlie qucsLionahlo fi-oni thtrao things 
necessarily taken for truth by the la\v3 of the mind. 'J'ho 
inquiry took tho form of anythctical reasoning, proeooding 
step by step, deducing the unknown from what appoai-cd 
solf-ovidont, taking notliing as truth on antliority, liowcver 
great tlie name which tiad given cun-oney to ttio tlicory ; 
thus sliutting out a!l sources of error except such as resulted 
from the weakness of tho individual mind. Arriving by 
this process at conclusions, the very opposite of those taught 
in tho schools of science, tlicsc conclusions were tested by 
an appeal to tho pi o o c i of it o JJotl tl c e o g 
without the phcno ct iltlo)! oea tlottlo 
reasoning, pointed to ll o o go c ! t tt s 

'A'hns arc prcs(. tc 1 oj o s 1 cl ij i ca to 1 o s j ■ 
ported both by rcnso a 1 I j oUc vit o i 1 ] esc to 1 
in the order of tl c levoloj c t 11 to loels con- 

fident, that, howcvc \efect o iy 1 o I s Io„ 1 o ovo ' 
impcrfeoti may bo 1 s st-it o t of tl o facts of so o co, 
liowovor crude niaj i Is j j 1 ca o of tl o t tl to t! e 
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cxplauELtiort of phenomena, ho has unfolded some ))rinoiplo3, 
■which, when (listinetly evolved fi'om mh-iglcd ci'i-ov, mW 
change soniowliat the hasis on which mechanical philosophy 
now rests. 

]!ut, whether or ot tl e O] e 3 1 o \ esc tc I c 
demonstrated to the W of sc e t Tc o t 8 1 ttc I 
that many of the j cse t c (1 ato a of jl lo ojl y e 
received as tho SHpi o g I 1 cat poss bio cci h it o 3 itt o 
than as settled tvtith 1 cl tl e loll tly 0| o cs 

!t'hc conservatives ii sc e o y I o cccs f 1 ^ o t g 
out tho errors of no tl eo cs 1 t tl y 1 1 e otl o o 

didicult wovk, that of tl c 1 i o of tl c ol Itl c es 

A rccxamlnatioji of principles snpposed to be forever set- 
tled by tho authority of a Newton may strike many minds 
as presumptuous. It will be seen, however, that the splen- 
did conceptions of Kepler, made distinct and thoroughly 
domonstratod by Newton, arc not assailed. The glorious 
truth of the harmony of tlio movomoiits of the spheres, by 
which tho astronomer can track out the orbit of the most 
eccentric wanderer of tho heavens, stands forever, tho reflex 
of the light of creation from the mtnds of the truly great. 

It is tho school which now deternnnes opinions on philo- 
sophical subjects. Men are ta\ight to hcllevo rather than to 
reflect, "-■ to receive opinions rather than to evolve them by 
tlio process of intense thought. A scientific education is a 
capital, tho value of which is inipaii-ed by dissent. It would 
seem as if nothing further could Ijc attained, as if philosophy 
had soared its highest flight ; for theories thus pass from 
mind to mind, from generation to generation, as settled 
truths, and theories too, someivhat questioned or indistinctly 
comprehended, cvon by those wlio teach them. 

To induce reflection, therefore, upon admitted theories, 



I ..Google 



IS'i'iiODUOTiON. 3 

cannot fail (o do some service to the ci'ise of tnitli ; for, as 
it lias boon obscvvetl, " nothing tends more to the coItu])- 
tion of science than to siiftbi- it to stagnate, 'i'lie waters 
mmt 1)0 tvouljlcd bofovo thoy can exert their hoiiling vivtues, 
A man who works beyond tlic surface of things, though lie 
may bo wrong liimsclf, yet clears the way for others, and 
may chanco to make Ina orrova subservient to the cause of 
truth." 

'J.'his work is not intended as an elaborate philosophical 
treatise, but ns a rapid outline ; and only those considei"- 
ations arc presented which arc necessary to develop the 
opinions advanced. Much collected material has been 
laid aside for future \isc, if it be thought that the opinions 
set foi'tli arc worthy of additional attention. 

ronrsMOUfH, N. It-, Sept. 7, isao. 
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In all invcstigatioiig of jnattor and force, wc must divest 
them of all proijcrticB that avc boumlless, that arc witliont 
fixed limits, dctoi-iniiiato degrees. 'J'hus, matter is not infi- 
nite in its extent nor in ite cnpncity for motion ; so of forco, 
its action is not infinite ; it lias parts, or divisions, each 
with a fixed rate of ijowor, and as a whole, ila aggregate 
l)Owcr 13 fixed,— meted out by Iliin by ivhoso infmito power 
it was constituted. AVo need recurrence to this as tlio 
point of depavtuve in ouv coni-so, as that to which wo can 
recur as eomothing fixed, when the ocean on which ivo 
speed our way has no guide for our path over its vastncsa. 
'J'liero is one God, the ultimate Cause of all things, of iviiom 
alone can infinity of attributes be affirmed. This truth is 
here presented, not for its religious hearing, hut fren\ the 
necessity of recurring to it in its relations to the first prin- 
ciples of philosophy. '.I'ho admission that His attributes 
alone aro infinite in degree, is essential to distinctness of 
opinion with regard to matter and force. The Imman mind 
cannot comprelicnd infinity; any proposition, tliorcforo, 
which involves the boundless, is unintclHgibio ; decide it 
affirmatively or negatively, tlio mind feels no eonfidcnoc in 
tho result. 
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t. Matter Itas inertness aa an essential property ; it lias 
substance and extension ; it exists in atoms or ultimate paiv 
tides, indcstraotiblc and impenetrable, behvcen which atoms 
there is spttcc ; these atoms aggregated, constitute masses, 
between ivbicU there is space ; these masses constitnto 
worlds, hctffcon whicti tlici-c is space. Space is room oi* 
freedom for motion, or that in Avhieh matter exists and is 
moved. Motion is the act of tho change of place of mat- 
ter ; it is tho passing of matter from one part of space to 
another. Ko atom of matter can oecuj)y the same place with 
another atom. l''oreo is that which produces the motion of 
matter, or that whicti causes matter to act. I'orco cannot 
act whore it is not. 

'I'liese definitions are the usual, comTuonly received defini- 
tions of matter and force, and the resultant motion. We 
express in tlicm all that can bo known. An inquiry into 
their nature or construction embraces tho element of tho 
infinity of God who created thom, and " plunges us at onco 
into that deep wliieh never yet was fathomed by human 
intellect." Newton thus speaks of matter. " Wo bcliovo 
that God in the beginning formed matter in solid, liard, 
massy, impenetrable, movable particles, of such eiKOs, fig- 
ures, and other properties, and in suoh proportioiv to space, 
as most conduced to tho end for which Ho formed them ; 
and tliat these primitive particles being solids, aro incom- 
parably harder ttian any porous bodies compounded of them, 
oven 80 very liard as never to wear or to break to pieces ; 
no o«linary power being able to divide what God himself 
made one at the firat creation." 

2. That which is moved and that which moves it, arc not 
identical, — not the same thing ; the one, matter, having in- 
1* 
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ortncss as an essontial property ; tUo oilior, fowe, having 
as au essciitinl pi'opcrty poivcr to give motion. Wherever 
matter is, there is inertness ; wherever force is, thcro is 
motion. 

'Uhe belief of tlio separate and independent exlstciico of 
cause and cft'cct resulta from tlic constitution of the iniutl. 
It is what God compels iis to believe. It is as inspiration. 
Vfo think of God as existing separate from liis creation, 
of OHr minds as separate from thought and perception ; and 
80 of forco, as an independent power, as in no sense matter, 
hut as that which gives motion to matter, as that which 
causes matter to cliange its place. This separate existenco 
is reeognined in the three great laws of motion, wliicli refci- 
to force as the cause of motion. 

'I'licso ivords of Horschcll very distinctly pvescnt the 
idea: " l''orcc may he communicated to inanimate matter, 
it may bo ceneenti'atcd in the same mass by continuation of 
animal or nmscular forco. We tlius learn to regard motion 
in matter as the efi'eet and indication of force, and forco 
may be defined as ttiat which is capable of producing motion 
in matter, or of stopping and altering its direction when 
produced." 13aniell {^.iMroduclionto OJieniical Philosophy) 
says, " A body at rest would remain (juiesceut unless it wore 
to receive an impulse from without," or objectively, and thus 
philosophy recogniKcs the inertness of matter. Growing 
from this idea is tlio doctrine of vis incrtiffi. It is a term 
expressive only of the fact, that matter rests wlicn unmoved, 
and moves when not at rest, and that time often elapses 
after tho i i he 1 efo e motion is apparent. BtricHy it 
assorta tho ] os 1 1 ty of self-moving matter. 

3. Matte 1 cl otion mnst continue in a stale of 
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Hiiiform motion forovor, unless distui-bed by the action of an 
oxteriial cnuao. 

The snmo cauao produces the same effects. Ilita propo- 
sition, BO far as it goos, is identical ivith tho first of tJio three 
great laws of motion, whioli is, " A lipdy imiNt continue for- 
ever ill a state of rest or of uniform motion, in a straight 
line, if not disturbed by the acUon of an external cause." 
If tliis bo truo of bodies both at rest and in motion, tlio pro- 
position is true as regaiiits bodies in motion, and as true wlien 
considered apart fi-oni tho direction of tlie motion as it ia 
\Ybon the law defines the lino of motion. 

4. All motion is in proportioix to the force which pro- 
duces it. 

'llio degree of tho ollcet is in proportion to the cause ; 
in other words, add to or take from the force in action upon 
given matter, the (juantity of motion is changed pi-opor- 
tlonatly. The second of tho threo laws is : " JCvcry change 
of motion produced by the external (objoctivo) cause is 
pixiportional to tho forco impressed, and in the dircotion of a 
straight Hue in which tho forco acts." The proposition 
nftirins tho first clause of the law, and this is noc<a3ariIy 
tmo Independently of tlio truth of the latter clause. 

Wo draw from this proposition tho following as covrolla- 
lics: Istjthat force isdivisiblCidifferont quantities or degrees 
of it acting at diftcront times on tho same matter ; 2d, forco 
is transferable, foi othonuse, that is, without transfer of 
foi'cc, there could be no meiease oi diminution of motion. 

5. '['lio absolute condition of tho tiansfoi of forco is its 
presence with mattoi not busceptible of motion by it. 

The essential property of force being action, wherever it 
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is, it acts, or from its natiiro it is li-aiisforrcd from matter 
^Yllicll cannot bo movc<l to matter having spaco for motion. 

6. The (logrco or velocity of the motion of a muss dc- 
ponda on the ilogroc of force ivhieU act« upon each atom 
constituting the moving mass. It appears sclf-cvidont, that 
every atom, perliaps in a degree according to its clement or 
kind, requires always the aamo force to move it with tho 
same velocity, and tho motion of tlio mass depends on the 
degree of force relative to the number of its atoms. 

7. 3'iVery atom of the solar systeni is in continued motion, 
orbital and rotary. 

Iloneo it follows, that it is force which determines the 
position of every atom, mass, and world, and determines 
their position iwsUivoly in spaco. It also detormines tho 
relative position of all tilings, 

8. Matter occupies but one place in spaco at tlio same 
time, and consequently no atom can have motion but in one 
lino of direction at the same time. 

Hence it follows, that all motion is orbital, rotary, 
curvilinear ; for, all atoms being in curvilinear motion, no 
addition of rectilinear motion can change tho curve into the 
straight lino,— -there will ever remain tho olomont of tho 
curve, 'i'lie contrary opinion indicates infinity, and is un- 
intelligiblo. The foundation principle of geometry is tho 
measHi-e of all angles by arcs of the circle, and the meas- 
urement of tho circle or curve conversely by the inscribed 
straight lines or angles. 

Hence the fixed relation between the diameter of the 
■circle and its circumference, and tlic measiu'c of motion by 
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tiic (liaiuoter of tho circutav orbit. Wo assvimo lltiifc tho 
liRi'inoiiic motion of the lioavciily bodies bcai's a cci'tain pro- 
portion to the orbit, that tbis velocity 1ms a fixed ratio to 
tho (Uamotor, and that this ratio mathematically determined 
is ])roi)ortional to tho square of tlio distanco of tho circiim- 
fercuco from tlio centre. 

'.flic velocity of bodies moving in free space being in a 
fixed ratio to Hio orbit, it is tho present force, the active 
principle, which determines the orbit. A change of the 
degree of force would enlarge or diminish tho orbit. In 
all free motion, thcrefoi-c, the motion is uniform and hai"- 
nionic. 'J'wo atoms moving in the same orbit will move with 
the same veloeity; in different orbits will preserve that rela- 
tive position which is dotormined by tho difterenco of orbit, 
and the difterenco of the line of direction ; so that mathe- 
matically the relative position of any body can be deduced, 
given as the elements of calculation Hh evbit and direction 
of motion. 

9, Ueetilincar motion, or motion in a straight Hno, cannot 
be aflirmed of any atom belonging to or in Imrmony with 
tlie solar system, or with the system of worlds. !l'hc hori- 
zontal lino on tho surface of tho globe is curvilinear. So 
from any one point to another, in, on, and about the earth, 
tho moving body takes the cnrved lino. In tho old philo- 
sepby, circular motion was deemed tlio natural motion ; but 
tlic new philosophy conceives of circular motion as eon- 
Btrained by tlic operation of conllicting forces, 

10. The supposed perpendicular descent of a falling body 
is a curvilinear motion. This is not practically admitted, 
but mathoinatically deduced ; the fall is termed a " cubical 
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pavnboln." 'J'ho supposed attraction of the cavtli docs not 
(li'ftw in straight ]hics, falling bodies preserving ever theii' 
rotary motion. 

■J.l. JJodies in rotation -witSi tlio earth, on rceciving addi- 
tional force, nu\st cither take a Jiighcr Ici'cl of rotation, 
or «so tho force received in additional motion in a new 
direction. 

12. Ill tlio act of failing whereby a lower level of rota- 
tion is assnnied, force mnst bo transferred from the falling 
body when its motion is suspended, 

'riio motion of falling is added to the rotary motion, 
tboroby giving action to tho present force. 'I'his motion 
being sHSpendcd, only rotary motion in a smaller orbit 
remaining, force will bo transferred, llcnco arises sparo 
forco of descent. Tiie spare force of descent will bo mea- 
sured by the degree of descent. Hence tho spare force of 
falling bodies is measured by the sijuare of the time of 
descent, equal times giving equal distances of descent. 
Thus most distinctly is pi-esontcd tho law of falling bodies, 
or motion begetting niotion, which, indistinctly understood, 
caused the great contiwcrsy between tho schools of J)cs 
Cartes and Leibnitz, and which to this day has obscured 
meelianical science, by making the occasional abnormal 
motion of falling bodies tho element of calculation of har- 
monic motion. 

1.3. 'I'hc motion of the hoa^'cnly bodies being harmonic 
with fixed velocity according to orbit, their velocity is the 
innncdiate nioasnre of the velocities of retarded or accele- 
rated motion ; that is, tho abnormal motion is detected and 
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mcaani'cd by U\o normal, the motion of bodies in conOiicd 
spaoo being determined by the velocity of bodies in froo 
space. 

'I'imc 13 the indirect measure of velocity ; tlic motion of 
tlio oartH ivbieli inoaauvcs liinc, the direct mcttsnre of velo- 
city. Hence all velocity is known by and mcastu'cd i»y the 
rotation of the eavth. A body wliicli moves thirty miies in 
ono hour movos over the given space isoehi-oiiously, or 
while the eartli lias moved one twenty-fourth part of her 
rotary circle. !Cimo, therefore, has no reforciico to force 
and motion so as to increase or diminish them, and motion 
refers to time only as indicating tho extent of the motion of 
the earth. 

14. There is bcsido the consentaneous motion of tho 
atoms of tho mass, or the progressive motion of the mass, 
an atomic or molecular motion of every atom composing tho 
mass. 

'fhis proposition will rcecivo its most perfect demonstra- 
tion by the facts aTid phenomena of nature ; htit is believed 
from analogy, that the same law governs the minute aa 
■well as tho extended, — ■ also from tho fact that there is 
space between all atoms, that force is primarily in action on 
the atoms. ]f force bo present with atoms, and there bo 
space for motion, motion is affirmed. "We leave this pi-opo- 
sition mainly upon these general statements, recnrriiig, in 
this placo, to one most significant fact ; " The expansion of 
volume of small bodies by dilatation ft-om heat, may ho oh- 
tained without sensible orror by trebling the number ivhieh 
expresses its increase in length." Uaniell's Introduc- 
tion to Ghemical PJdlosophif. Tixe trebling of the diameter, 
it will ho porecivcd, gives nearly the circiimfercneo of the 
circle of motion. 
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15. l'"oi-eo tmnsfoi's itsotf from atom to atom without ap- 
preciable tiuio, 'rimo being moaBitred by the action of force 
upon a given quantity of matter, the transfer of force with- 
out mattor is therefore without time ; or ivith a reduction 
of the matter, volooity is inoreascd ; annihilate the matter, 
and time is no longer to bo aflivmcd of its passage. I'lius 
attraotion of gravitation is spoken of " as a forco which is 
transmitted instantaneously," and so of light, heat, gal- 
vanism, &G. So far as they pass in appreciable time it is 
because thoy (tlio forces which move) are connected with the 
material ; the essential quality of pure force unembodicd 
is cliange of place without appreciable time. 

10. l''orce is (lilTii8ii)lo only by contact of the moving 
atom with another atom. This appears from the fact that 
force is transferable only when it cannot induce motion, and 
ivliile space remains there is room for motion. 'l-'hoTOforo, 
the motion of a body must be after a lapse of appreciable 
time from the contact of the atoms. Consentaneons motion 
of the mass is from tho equal diffusion of motion through its 
particloa. Thcso jjartielos have room for motion before 
inipingcntcnt ; therefore, the mass moves in appreciable 
time from the contact of the atoms. 

'lliis is finely illustrated by a row of suspended ivory 
balls through which force is connnuniaated in appreciable 
time by the measured motion of tho balls, according to their 
distance and the degree of force. It is the foundation of 
tho doctrine of vis inertiai. It is not impossible that tho 
distance of atoms constituting a mass may be relatively 
determined with regard to the dislanco of atoms in another 
mass. It will be found that, the movo poi-eus tho body, the 
longer is tho lai)sc of lime between the impingement and tJio 
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motion of the atoms as tlio mass ; ivo instaiieo ctiiial weights 
of atmospheric air and of lead. The force is communicated 
inafaiitly, motion results instantaneously, but time is prodi- 
cablo of tho passage of atom to atom, to diffuse tlio motion 
ccjually tliat it may ho conscjitaucotis. 

IV. li'oi'cc acta independently of direction ; on its trans- 

f t f morlinoof motion does not nocessarily imply a con- 

t of the same lino of motion. A body in motion 

t tinuc forever in a state of nnifovm motion, unless 

It 1 1 by tho action of an objeotivo causo. TIic force 

I1 1 t insferrcd upon impact, and the body receiving it 

II in the dircetion in which it is free to movo ; or, if 
tl c ] ly which obstructs motion bo not movable, the force, 

ot I „ transferred, acts in tho opposite direction. 
J 1 es 111 t not of \ j, {, 1 o 1 e^ s Ic o at ate I 
1 y tl itl e it c 1 I tl j olj {,0 of fo co n I ? 
e 1 11) Ic st al lo 1 y tl e 1 1q si o „ tl c c tnct of 
ito s 1 1 t. f e so too tl t o'o 0^ Ic ce a I 
lell ct o J e 1 1 ly j { es i o i lUo 

1 13S sl s tl t fl e It t ot o 3 lotc c 1 ly 
1 y tl c f ee Hj CO fo o If t o Iht s face eet, 

tl oy c 1 s 1 T t 1 ly tl o oi [ os to 1 cot o f tl o 
sep it o fo ce lets <i iHv o tl a f Sis 
tl o ^1 jlc o e c t 
■\\ ofc to facts ot CO o ol so vat o tl o oti y 

ot of tl 1 ill y 11 e 1 o t 1 j f^ c t ot tl o 
1 -— tlollla 1 HII —tloisoottlc ■* tl s 
action of foico, independent of dncolion, depends tho apph- 
oation of force in mechanical combinations, by ivhich tho 
force of falling water is conveyed anyivhevo, and acta in any 
direction. Force docs not act where it is not ; hut tho me- 
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chanic, avaiiiiig liimsolf of tho laws ivliicfi govern i!3 trans- 
foi', leads it to the loom and opens for it the dcsii'ccl line of 
motion only. 

'j'his (lootriiic of the transfer of force is one of the found- 
ations of the supposed action and reaction of fovco ; cvoi'y 
in'jtanco of reaction can bo dii-eotly tmced to tlic ti'iiiwfcii' 
of force. 

:!8. Transfer of force, ivhich does not give the hoily to 
which it ig transferred consentaneous motion of ila atoms, 
givea vihratory motioii to the parb of Uie mass, or increase 
of molecular motion, the motion induced being of She sanio 
degree as tUo motion that was suspended. 'I'ho force being 
transferred, and motion being in proportion to the force, tlio 
vibratory or moleculav motion mnst bo tlio same ; or, if tho 
motion of the recipient of the forco be retarded, an C(]ual 
quantity of ils force is also tnri\cd from the consentaneous 
motion, so that tho resultant motion, internal to tlio mass, 
^vill bo doubled ; that h, the internal nwtion is the aggre- 
gate of tlic suspended niotion of both impinging masses. 
Thus, the motion of tiio tongue of the bell, and of the bell, 
jointly increase tho loudncwi of Us tone ; and other instances 
of this result present tlicmselvcs to every mind, llenco tho 
concnssion and destruction of two balls in opposite motion, 
lyliioh would not result from tho motion of cither upon tho 
other at rest. 

Vibratory motion being the unequal or rather unconsen- 
taneous motion of tho parts of a mass, if there be not a 
gradual increment of motion from the surface to the centre, 
there will he nodes or points of rest. '.I'luis nuisical chords 
manifest certain points of rest. 

Vibratory motion being dctormiucd by tho degree offeree, 
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jf the same quantity of jTiattor bo moved tlio aamc distance, 
tho limes of vibration will bo tlio samo ; if tlio distaneo ho 
(liininisUcd, tiicro ivill ho an inercaso of velocity. '.L'oiio being 
(Icpeiidcnt on tinio of vil)ratioii, an incvcaso or tliminntion of 
force changes tlio range, prcscvving Uio tone. Isochronous 
vibi'jitioii is, thorcfoi-G, a branch of the law ivhieh induces tho 
finmo tmantity of motion by the same quantity offeree. It 
foltoivs, too, that there cnn be no vibratory or reciprocal 
motion in free space. 

19. l-'orce is indestructible. 'J.'his appears fi'om tho gen- 
eral consideration, that wliat God formed at the beginning 
no power can destroy. It is imporisiiable, too, as is evident 
from its transfer from atom to atom and from mass to mass, 
and from tlto state of equable motion, wliieh bodies actuated 
by a given degree retain. It is also ono and identical. 
[L'ljat which gives motion is force ; if it Imvo dift'erent essen- 
tial properties, tlioso properties cannot be deteoted, as force 
is linown only by tho motion it gives to matter. 

'riiere arc not differing qualities or kinds of force, winch 
give, — this kind, eircnlar motion to bodies,— -this kind, a 
straight motion, — (his kind, motion in a contrary direc- 
tion ; nor is there aplanefary force, and a molecular force, 
and an oscillatory force, and a directly acting force ; but 
the one force may act on any clement, of matter, moving it 
in any direction, which idea will receive further illustration 
in the following chapter. 

In the research made, the general propositions were ex- 
tended ninch further ; but up to this point only lyerc tlicy 
carried with that distinctness which .should charactoriKO 
such propositions. Othei^ remain tliercforo for further 
examination. 
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It ^v'lll 1)0 observed, that an hiqtiii-y like tlio procetling 
has rofcreiico to foreo mainly m in action, giving to mat- 
ter place, position, and motion in veforcnco to space, — 
actual, and not apparent ov relative motion. Wo try to 
consider relativo motion only as indicative of true motion, 
and tliis as indicative of the laws of force. Tims the ascent 
of water in tho capillary tube is regarded, not as motion in 
relation to tho tube so much ns a now rotatory orbit of the 
clovatod water. I'lio log line which is veered from the sliip 
has apparent motioi\ of its oivn, but tlic actual motion is that 
of t!\o ship. 'I'liis distinction we would recall to the mind 
of tho general reader. 
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'I'm-! cvrovs of mccliHnical pliilosopliy, if there avo cvrors, 
ai'iso fi'oiii the flssuniptiou of gi'avUation, ov the attvnctivo 
power of matter ; fi'om the appliciition of the law of tho 
motion of falling bodies, to tho unifomii motion of )>o(Iica 
reniainiiig in one dctci'nnnci;! orbib ; from tho belief that 
rectilinear motion is tho natiivnl motion, and tliat tlic cur- 
vitinoav is a constrained motion induced by conllioling 
forces ; and from keeping out of sight tho intense motion of 
cvory atom in its rotation and rovoliition with the earth, 
winch, from it« gi-catcr comparativo velocity supplies tho 
governing or controllinj^ motion, and by reference to ivliicli 
aloi\o, incidental, retarded, or accelerated nwtion, is to be 
xmdorstood or to bo ex|)Iaiiicd. 

In the ilhistration of our views wo shall follow no artificial 
arrangement, but present our thoughts in tho order in which 
they occurred from tho natural connection of ono class of 
facts with another class of facts, as this will throw moro 
light on tho peculiar views than any predetermined order of 
investigation. 

Our fu-sfc attempt is to illustrate the idea of the identity 
of force, — to prove that the motive power of nature is one, 
acting imdcr uniforn\ laivH ; that force, whether it forjn the 

2* 
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5ew-(lroi> or inarslial Oic "hosts of lioavon," ^¥llothe^ it 
manifest itself in Iho flow of the tides or of tho ptu'ple strcnni 
of life, wlictlicr in tlio flash of lightning, oi- in the sweep of 
tho hirtl with motionless wing, is ever the same prmci(ile ; 
that ita (Uvisiona and aiibdivisions, if« evcr-vai^iug names 
in scioHoe havo obscuvetl the law of its action, and thrown 
a mist over philosophy else apparent, from the ovcr-ehanging 
and conflicting theories. 

Of the natiu'e of force as well as of the matter it moves, 
as ivo havo said, wo aro entirely ignorant, and from the 
constitution of the mind wo shall forever remain ignorant. 
But tho laws of its action given to it from the beginning, 
and ever enduring, may perhajja be distinctly traced out 
and understood. 'I!hu3, the force which moves the spheres 
acts under the intelligible law, that velocity is in proportion 
to the area of the orbit, that with tho diminution of distanco 
from tho centre velocity increases, with the increase of dis- 
tanco velocity diminishes ; so that all bodies revolving in 
free space describe ctjual areas in ccinal tsmea. 'J!liis is a 
property of orhitual revolution,-— in other words, it is tho 
property of force. It is a fixed law, subject to no change. 
Aberrations and perturbations aro temporary and oscilla- 
tory ; the mean time of rovolulton never changes. 

'J'ho revolution of tho heavenly bodies is accompanied 
by rotation on their axis. 'Chis connection of the primary 
ivitb tho secondary movement arises from another law of 
force, — from another property of the power which imparts 
motion. I'ho tn-o movements appear to Itavo an opposito 
chavaeter. In the ono, as wo have seen, velocity in- 
oreascs by the diminution of the orbit ; in the other, velo- 
city becomes lessoned as tho rotating matter approaches tho 
ccntro of rotation. How slow Iho rotation of tho central 
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parts of ilio cavtl», wliilo at Hio ctiuator tho velocity of tho 
suvfiico is moi'c than one thousand miles an !ioiu' ! 

l'"mm tho nature of tho rotating sphere tUcve is ono fixed 
ratio of increase of tho velocity of ila parts. Given the 
velocity at any distance from the centre of rotation, the 
velocity at any other distance can ho determined. Its ratio 
of increase is proportional to the increase of the area, of the 
circle described. Wo have tho same measure of increase 
ontwavd in i-otation, that we have inward in revolution, 
'j.']ie primary and secondary movements are under the same 
general law. 3^c3idcs, thcro is also a fixed ratio between the 
velocities of both niovcmonta, for such is tho far pervading 
law of nature. 

If the orbit of any planet were enlarged without additional 
force of propulsion, it would move, in its now orbit, with de- 
creased velocity. Its motion would net bo harmonic ; it 
lyould not describe the equal area of planetary motion. To 
bring it into harmonic motion it would require additional 
force, and this additional force needed would be measiirable 
by the increased area of orbit. If, on the otlior hand, tho 
orbit of any planet were decreased, with the sanie propelling 
force its ^'olocity would be increased, and it ivoidd be out of 
harmony with its associated worlds, "With equal velo- 
city it must part with, or transfer, a portion of its force, 
This degree of spare force would also be measurable by tho 
reduction of the area of the orbit, 'flic degree of force 
required or imparted is not measured by the increase or dim- 
inution of the circumference. The orbit does not nioflsuro 
velocity. It is a path of motion, continuous, without bo- 
ginning or end. IJy a fixed law, the required force is 
determined by tho area described, which increases and 
diminishes in a liighcv ratio than the length of the circum- 
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fcrciieo wliieli encloses the aroa. 'J'luis, by the onlargotiiciit 
of a planet's orbit, it would ncctl added forco to preserve the 
harmony of planetary iiioUon, and by Us diinhuilion it would 
impart force, and the force added, or given up, would bo 
mcasHvablo by the change of ai-ea. In the words of Hor- 
schell : " 'Hic law of tho avoas determines the actual velo- 
city of tho revolving body at every point, or tho space really 
nin over by it in any given portion of time." If the velocity 
he tluis determined, so is the present force which detcrininea 
tho velocity. 

'i'liis is equally ti'uo of tlso velocity and force of rotation. 
If a mass at the surface of tlic cartii bo elevated, it gains 
thereby a superior level of rotation ; its orbit is enlarged, — 
it rc(piivca additional force. If the mass fall, thereby 
decreasing its orbit of rotation, it has tho spare forco of 
desceiit ; it recpiires loss for rotation, and tho falling body 
imparts force. 'I'ho force received for elevation, the force 
given out by depression, is measured in oiio case by the 
increase, in the other by tho decrease, of tho area of tho 
circle of rotation. 'J'hough in one view it appear,^ as if 
tlicro were the converse action of forco, yet the general 
law is apparent, of tho inci-casc and diminution of required 
force for any area of orbit, whether acting outwardly from 
the centre or inwardly to tho centi'O of revolution. 

'.l!lio identity of forco, acting in the primary movement of 
the spheres, and in tlio secondary movement, is apparent, 
thus considered, and a general, far-reaching law is most 
clearly indicated. 

The force which moves tho diflbrent parts of the earth in 
rotation differs much in intensity. How small, compara- 
tively, in tho central jnasses at the axis of rotation ; how 
great, on the suvfacc of the earth at tlie equator ; how 
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(liftcront tlio force moving tlio smfacc of Uio caith ab tlio 
equator from the force moving tlic surfaco of the earth at 
the jsolcs ! Yet, tho weight of falling bodies, or thciv spare 
force of descent is neatly the same at the etiviator that it is 
at the |)olc3. 

'.I'he spare force of deseciit is most iinqwcationahly greater 
fov an equal change of orbit at tho equator than at the polos ; 
but the change of the area of tho orbit is far loss by the 
descent of one foot at the equator than it is at a distance 
from the equator. As wo go from the equator tho force 
of i-otation lessens, tho area of the orbit lessens In that 
ratio by every foot of descent, so that tlio increased ratio of 
tho deercase of area compensates for tho decreased force of 
i-otation. 't'lma have we an equal "spare force" of descent 
on the same parallel of latitude, slightly increasing as wo go 
from tho cqnator, as by the spheroidal form of the earth 
the decrease of tho area is more rapid by equal doorcases of 
diameter, in proportion as the oarth changes from the porfgcf; 
sphere to tho oblate spheroid. 

There is not, then, one law of force for tho rovolntion of 
the spheres, and another for their wtation, and another for 
tho changes of level of the masses composing tlio spheres ; 
and wo think that wo can shon- that the law, by which tho 
Spheres and masses are moved, also directs and governs tho 
motion of tho atoms eomposhig every nia^ and sphere. 

Tlie spheres lay spread out before us as distinct objects 
of conception. Jj'rom tho immense oxt«nfc of space they 
occupy, and tho almost bonndloss range of their motion, tho 
law of force indicated by them becomes intelligible, and is tho 
object of precise reasoning and of mathematical calCHlatioii. 
If we would nndcrstan'd tho minute, wo must tinow upon it 
tho light gained from tho extended, "'.t'liero is a cortiiin 
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ehai'ftctcr or style, if 1 may use tlic expression, in the opovft- 
tiona of Divine Wisdom ; Bomotliiiig wliicJi everywhere an- 
nouitocs ntnidst an infinito variety of detail, au ininnlablo 
unity and harmony of design, in the povecption of which 
philosophical sagacity seems chicfiy to exist ; " or, as New- 
ton expressed the same idea, " Nature will ho very coii- 
formahlo to herself, and very simple." 'J'lnis, no less 
oxaot, no less fixed by determinate law is tho motion of 
atoms, and, in tlio examination of the niimitc, this idea of tho 
extent and universality of primary laws should ho c^ci" 
present to the mind, 

How unlike tUo simplicity of nature, her directness of ac- 
tion, tho far-roaohing nature of hor laws, is the array of op- 
posing and conflioting forces, by the clashing of which we aro 
taught that tho balance or equilibrium of things is preserved ! 
'I'o return for a moment to the spheres, — 'thei-o is the im- 
pelling force, the repulsive or centrifugal force, tlic attract- 
ive or centripetal force. Of what use are tbcsc ? "I am 
persnaded," says I'lato, " that if tho earth is placed in the 
middle of the boavens, as tbey say it is, it stands in no need 
of air or any other supjwrt to pi-ovont its fall ; its own 
equilibrium will keep it up. For whatever is oqually poised 
cannot incline to either side, and conseqnontly stands firm 
and immovable, this I am convinced of." If the centripetal 
and centrifugal forces balance each other, they induce no 
action ; give the earth tho force for harmonic niofien accord- 
ing to her orbit, slio needs noitbor to kcop hor in tbo traok ; 
there would be no danger of ber flying oft' in a tangent, ov 
of bor falling into the central fires of tho sun ; evenly 
balanced with them, sho would be cqnally balanced without 
thom. 

IVhy these conllicting forces were created by philosophy 
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is Yory apparent. Tlicy follow from the strango nss»m})tion 
tSiiit. nature abhors the orbihtnl ov curvilinear motion j that, 
ill the words of IlerscUcll, "A straight lino, dynamically 
speaking, is tho only path wlucli enn he pursued by a body 
absolutely free, and under Uio action of no external" cor- 
rcctivo " force." Centrifugal force is therefore not exactly 
a force, hwi the totidoncy of nature to escape from the con- 
fined curvilinear motion, and to got back the sphere into the 
straight Hue of motion. I'liilosophy looks upon the myriads 
of rolling spheres as in unnatural, constrained movement, 
and Hicro must needs be conflicting forces, to form tho 
grooves and clianncis ivhieh hedge in tlio planets, and keep 
them to theiv orbits, when tlicy would so rejoice in free 
straight motion to the bound.s of space. 

AVhewell says that, " In cosmieal phenomena, every 
thing in proportion as it is referred to mechanical prin- 
ciples tends to simplicity, to permanent and imiform forces, 
to one co3nmon property. In magiictical and clieniical' 
appearances, the application of mochanieal pnjiciplcs leads 
only to a new complexity wliich rctsnires a new explanation, 
and this explanation involves changeable and variable forces, 
gradation and opposition of qualities." 't'liat is, plain, 
simple, mechanical laws apply only to tho enlarged action of 
nature ; in her voccsscs there is confusion, nnintolligibility. 
!l''or tho want, therefore, of fixed gciioral laws in tho minor 
mcehanism of nature, or for tho lack of comprehension of 
thosclaws, tho dcpartmentofmeelianico-chomical" sciences 
is cut oft' fi-om general philosophy, and managed by a great 
array of conilieting forces, such as lieterogencoiis attraction, 
homogencoua attraction, capillary attmction, various forms 
of repulsion, elasticity, cohesion, chemiea! aHiiiity, currcni; 
aflinity, and Iho forces of the imponderables. Kvcry jndg- 
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mcnt in tliis (lopavtmcnl; is partienlar. "'i'hcro ia no en- 
largement of view to general pi-opositions." Wo see deep 
thinlfing, "but the conchiHions ariivcd at, cvon though 
cloai'ly expressed, aro intricate aiul obaeui'c." 'rhcre is 
not in tlio teachings of ineclianico-chcniical science the 
prominence, the boldness, tlio exactness, tlio simplicity, 
■ffhich cliai'actcrl'/.o the works of nature, \vhcthcr hcv force 
be exerted on the atom or on tlio world. 

Ln ponderables aro so called because tbcy are not the 
subjccfc of wciglit. '.L'iioy impart no force by ttic act of 
descent, but for tins reason thoy arc not proved to bo imma- 
terial, iviHiout matter. "Wo read, (^London .KneyclopKedia) 
that " a stream of electric fluid issuing from points, possesses 
force sullicient to counteract the power of gravitation in 
light bodies"; of course the imponderables could counteract 
the gravity of any matter whicli was tlicir vebiclo, or rather 
ivhich tbcy moved. Gravity being tlio unused force of 
rotation, given out on the arrestation of tbo motion of tho 
falling body, they have none of this spare force ; they can- 
not be arrested ; they consume all their inherent force in, 
their rapid iligbt. It is only by the stopping of the tlescend- 
ing motion of falling bodies that thoy give out force or indi- 
cate is'cight. Wo know not of piu-e disembodied force, ami 
believe that the imponderables aro the combination of force 
and matter, the force in intense degree compared with tho 
matter ; that tho element of matter, and its cjuantity in tho 
possession of force, makes the distinctive character of tho 
imponderables, and tiiat force is thus fitted for especial func- 
tions in tho economy of nature. This view (loos no violcnco 
to any system of philosophy, and appears demonstrable' by 
the views we have taken in the preceding propositions. 
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J'irst, of heat. Heat Itns Ijccn regarded as tiic I'epiilsivo 
force, as the diluent of force, liccplng it in duo l)oiiiids. 
[L'ho enmo iilulosophera wlio would set aside nioclianicnl 
action H-ith rcfei-ence to tlio mcchanicocheinicai soiciices, at 
tlio very outset bring bael( tiio discharged mccliaiiical laws. 
'J'licy need a pcnduhun or balance spring, — soniettiing by 
ivliicli to rogulato and control flic mixture of forces, lleat 
is elected to this olliec of antagonism. 'J'lic perfect law- of 
force needs not this restraint. Jiwt there is a peculiarity of 
the action of forco under the condition of heat, ivhtcii has 
been gcneraUy rcfcri'od not to its natni-o, but to ila con- 
nected niattcv. It seems fitted thereby more espoeially to 
induce eorpuseulav motion, and tlio heat acts plainly and 
distinctly in giving consents neons motion to masses ; yet 
most usually its cftccis ai-o traced in an internal action. 

^V<i notice in this place the ditfercnco between aolar and 
radiant, or reflected heat. '.L'ho passage of aolar heat through 
a lens shows that forco then has under its control matter, 
the atoms of whicli have extent of surfaeo, as will bo- 
explained wlien wo refer to light, liadiant or reilccted 
h6at is not rejected or bent by the passage of its raya- 
tiirovigh a glass lens, but is absorbed by the glass, which 
becomes heated, and continues so nntil by conduction the 
heat is equally difl'uscd. It appears, then, as if by the 
impact it deposited a portion, at least, of ifa accompanying, 
matter, and, tho matter being deposited, the heat in passing 
through the lens ia absorbed. Tho force has taken its con- 
nection with other matter, liadiant heat is then force pai'-- 
tially divested of its matter ; partially, wc say, becanso iiv 
its passage through a lens of rock salt, it again obeys tho 
law of the passage of light and heat through a transparent, 
media. A secondary i-adiation of beat still further deprivcs- 
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it of its mtttbr. 'I'h\i3 wo come to the conclusion that these 
{lift'cvcnccs ai'o caused by the (Icfiosit of matter at the im- 
pingement of its vaj'S. It shakes off, as it were, its imped- 
ing embodiment, that with nnimpaircd energy it may give 
its strength to tiic corpnscnlar movements. 

The action of beat is readily explained. )*>ery epceies 
of matter has tliat quantity or degree of force necessary to 
maintain its atomic struetMrc. 'I'his is eaUod latent boat, 
Slid is latent force. Koiv with tbc norma! degree of force 
in molecular action, anotbev degree of beat or force can 
t)o received and made latent in the corpuscular action 
without apparent change of structure. This is spocifio 
boat ; another added cjuantity becomes sensible or dilfusible 
heat. It is beyond tbo normal heat which its structuro can 
boar, and it swells or enlarges. Increase the beat still fur- 
ther, — the molcoiilnr action increases, the orbit of circula- 
tion enlarges, and the solid becomes fluid and the fluid aeri- 
form. Ilenco heat acts repulsively by tbo very law which 
fixes tbo orbits of rolling spheres, that of Increasing cir- 
cles with increasing force. We have alreaily referred to 
tbo fact, that tho volume of the dilating body inciMiaaes 
thvco times in small bodies for its length of increase, indi- 
cating the ever circular oibit of force. Latent heat is 
therefore normal molecular action, capacity for boat, that 
which a body can hoai', and uso internally without change 
of condition ; sensible beat shows itself by dilatation and 
expansion, by the increase of the circular motion of its 
atoms, and by its transfer. 

Panioll says that the polai'ity of heat is as certainly 
demonstrated as the polarity of light, though tho experi- 
ments which demonstrate it are of a more delicate nature. 
Polarity is circular motion, or rather the indication of circu- 
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lar motioH. It is tlio direction of tlic ovbit, and, applied to 
matter tlirowgli which force circulates, tho polca nro tho 
aiiodo and tho cathode,' — 'tlio direction of tlic current ivhieh 
passes ; ov aa Wliewell describes it : " Polai'laation indicates 
opposite iivoperties in opposite directions, so exactly equal 
as to bo capable of accnratcly neutralizing each other ; tliat 
is, tho snmo force passes and repasses cii'cvilarly ivitU an 
oven power." 

Heat is always accompanied with a greater or less dcgi-oo 
of light, 'i'his is certain lyitli refercnco to free current licat. 
Latent heat and eoiKluctctl licat aro not tho subject of exam- 
ination J hut yet as the breaking up of cohesion manifests 
light with the ovolvcil lioat, it appears almost eortaiu that 
liglit is the essential condition of foreo manifesting itself ag 
licat. AVhat is light 1 JSot inert sluggish matter, not tho 
discmbodifed foreo instantaneously diftusing itgclf, but tho 
combination of tho tivo. This is the reason of tho endless 
disputes about tho n\atcriality and immateriality of light j 
both views aro partially right, both aro wrong. Thoro 
arc indications that will support cither sldo of the ques- 
tion, but the phenomena collected together result \n tho 
union of tho two. It is force which gives it its transit, its 
dynamical laws ; it is matter whicJi strikes the eye and 
forms the picture there. It is what force transports by 
which the world is painted in alt its glory. It is not " a 
propagated quality of motion, extending in riglit lines in all 
directions ft'om tho point from which it emanates ; " but 
something is borne along on the wings of foreo so subtJIo 
as to bo felt only by tho most delicate tissue of tho animal 
system, the retina. 

Tho materiality of light has the support of Newton and 
the gi'cat philosophers of his day, and of jnany subsctiucntly. 
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Its iimtcviality seonis demonstrable from its being absorbed 
by tUo vegetable tissues, giving tlicm color and strength of 
fibre wbicb no " propagated quality of motion " can give. 
It is inberent in tbe diamond ; it can be collected from tbo 
Bwn's rays by solar phospliori, and wJicn emanated, t!io 
supply can be again received by a fresli exposure to the 
s\m ; it is evolved from decaying bodies and from l!>e liv- 
ing animal organiKation ; it oboys the laws of motion, of 
known jnoviiig matter, ils lino of motion is beiit, and when 
not absorbed by the body on which it impinges, as the pon- 
derous missile on the Jco or water, the angle of reflection is 
equal to the angle of incidence. 

Light also changes its lino of motion in passing through 
a denser mediuni. 'i'his change of direction is only at its 
ingress and egress. It is a surface change, determined not 
by the medium, but by its transit within and without. May 
not this bo tbo theory of the change ? 'i1ie atoms of light, 
boing matter, have extension of surface ; they strike tUo 
concave or convex lens on their edges as they enter, at an 
anglo, not with their surfaces parallel to the glass ; on the 
egress one edge escapes while the opposite is yet resisted 
by the denser medium ; to use a popularly tcclniieal word, 
they are canted by the convex towards a centre, by the eon- 
cave from a centre or focus, both on entering and leaving 
tlio glass. It appears, too, as if Hgbt wore composed of 
atoms of didercnt extensions, as by the prism these atoms 
are separated by their greater or less impinging surfaces. 
Tbo fall of a flat piece of wood angularly on the water wbieli 
would bo turned, illustrates the idea ; in tlic ease of the 
atom of light, the concave or convex glass would make (he 
angle. Docs not this also explain the angle of rcflcctioi\ ? 
It is remarkable, too, tliat tlie refractive powers of media are 
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in proijortioii to tlioir densities ; lyatoi- acts inovo powoifitUy 
than ail-, and the power of water is increased hy its liaving 
salt ill sohition, ]Jnng to tlio mind, too, (hat the change of 
(livcctiou is at the smfaco only, and wo mnsfc impute it to 
the manner of ite entrance by smfaco chanf5C. A ivavo of 
ctlicv or a " propagated quality " of motion by act of inv 
pingeniont ivooM ncconnnodntc itself to the angle of im- 
pingement, m do tho waters of the ocean to tho projecting 
cliffs of the shore. 'I'he theory illustrates tho phenomena, 
oven if it bo draivn from tlic imagination only. 

iiut it will ho thought that our view is too mcclmnieal 
and lough to be afllunod of light; for how exceedingly 
minute must bo those particles which in myriads cross and 
reeross ivithout impingement ! Space h indeed incompre- 
hensible in its minnto divisions, as in its most extended 
bounds. It seems to IloW out on either sido,— -in wave- 
like undulations, ■ — upon tho confines of infinity, with 
which it blends without distinctness of separation. Obscure 
as it is to us there is about the atom room, fixed laws, accu- 
racy of motion, and to higUor beings the laws of God, 
operating in a mere jioint, may be as palpably distinct, 
as to us is tho Avaving of tho branches of the free that 
bonds before us in the summer's ivind ; and because tho 
niotioii of the atom is obscure to us, must wo throw upon it 
the reilceted light from the phciiomona which natiu'o, in her 
enlarged sphere, places before flie eye. Wo understand 
tho minute only as wo eomprebond tho extended ; for they 
both have tho one God over them, whoso law U universal, 
unchangeable in reference to tho atom and to tho sphere. 

Wo advert but to ono more of the phenomena of liglit, — 
its polnvity or the circular motion of its atoms. 'L'his is tho 
stamp of force, its great charftctoriatie, over denoting its 
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pvoseucc. Wo will (Icscribo polavisiEtUon m tlic wovds of 
DaiiicH. '* It may assist our coniprclicusioii of tlio phoiio- 
mona (o illustvatc tlicm by a vough analog}' ; a ray of com- 
mon light as it is omitted fi'om a self-luiTiino\i3 body, wo may 
c til 1 "'' ^^''''' it^ <*^^'" 

It a 1 1 I I y 1 ado to ttini, oe 

1 cl 3 t tl tl tl fl t ng or refracting 

e f i 1 t llj t 1 -oiind the ray as 

a I tl lat t t and no cliango in 

tl il 11 1 1 1 A\o add, that the 

oil {, tl flj 1 1 fc 11 le au illustration 

1 ' 1 IF t 

AA 1 1 1 tl t f 1 t city, l-'i-anklin, 

tl tl 11 111 terixcd his mind, 

fl I 1 tl t tl It t fc \U will <nioto his 

1 g 1 1 1 t tl If for " electrical 

fl I I! }) t t t f I t al citcmciit dciiend 

1i[)on the mercasc or dmnnuhon o( force relatively to the 
twohodicsl" '.rhcsc two statos have hcen called the poaitivo 
:and negative. Wlicn two substances are rubbed togotlicr, 
-Bometiincs the one and sometimes the otlter is excited. All 
■substances have been divided into electrics and dialectries, 
tho one the conductors, the otlior tho non-conductors of elec- 
tricity ; l)»fc subsequently it has boon asccrtiiincd that all 
substances arc conductors, thoir conducting powci's diflbrin*; 
only in degree. 3Ience wo have not conductors and non- 
conductors, but substances diil'ering In being yood or bad 
conductors ; the metals, ^vator, animal and vegetable bodies 
on the ono hand, and oil, glass, dry air on tho other, 'i'horo 
is in tho extronics a atrilung ditleronco of atomic structure, 
as for instance, in iron and spermaceti. 

Any dissimilar anbstancos rubbed together lyith proper 
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pveeawtiona arc capable of cxci'ting tlio power, ono of tliom 
becoming excited. 'J'lio effect is produced by tlio applica- 
tion of foi-eo, nor docs it ehmige its imtitre. When confined) 
it is force ; wlicn again sot frco, it is force. I'llcetricity is 
t!um described : " It is freely evoked by tho meclianical 
ftcHon of hetcroKcnooHS substances ; still more abundantly 
by chemical action ; it is a pi-oduct of animal organiKation } 
it is capable of evolving licat, and boat is capable of evolv- 
ing electricity. It is capable of acting on bodies in oppo- 
sition to gi'avlty, and is capable of the most energetic action 
on its own eonsUtucnt atoms. Kvcry form of matter may 
be excited to ita action, and it may be transferred from ono 
portion of matter in winch it lias been called forth, to 
another previously in its natural state." \Vo could not 
more distinctly dcscni)e force, J'Jlcetricity is force cxisfing 
under some peculiar conditions. Its polarity is one of its 
most prominent phenomena. It can bo insulated, or a 
cbannol formed for its cifcnlatlon ; it can bo kejit a pris- 
oner, or its path opened that it may return to the earth, 
and add the strength of its fcublo stream to swell tho ton-ent 
of force which bears along tlio mighty orb in hor rolling 
path. 

Differing from galvanism, wbich appears as a continuous 
stream of force, electricity is, as it ■wore, a eoUceted mass, 
a sphere revolving on the surface of the glass. It does not 
seem to allcct tho molecular action, but to pass through the 
aggregated atoms as free, revolving in its own orbit ; for, 
if you bi-cak the cylinder ivlncli contains it, tho electrical 
spark is found in one of tho parts only. JOlcotricity, too, 
gives another striking demonstration of ih natvn-o. AVo 
quote : " If the electricity collected bo distributed between 
balls of different diameters, it ivill be found tliat, tho smaller 
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tho splievo, tlic iiwi'c iiitcnso the action." Such is tlio law 
of force, whei'cvcv ifc exists ; tlioro is circular molioii, equal- 
ity of (liflusion, the velocity increasing with the decroaso of 
the diameter of tho orbit. In the excited i-od, too, tlic action 
is more intenso at the enda than at the centre ; for tho law is 
that of inci'eased speed with the narrowing diamotcr of the 
elliptical orbit, Klecti'icity gives to matter no attractive 
power, — as it partially esoapos from its rccopt-aclo, it draws 
or repels other bodies towards or from its receptacle ; and 
whether attracted or repelled, tho moving body dctoi'jnincs 
its motion by its own state of excitement. If equally ex- 
cited, it adds to tlso circulating force ; if loss excited, it 
absorbs a part of the circulating force. No attraotiou of 
matter can be aflirmed of this fitful, spasmodic action of 
bodies floating in the vortices of revolving force. How 
beautiful the provision by which tho unexcited body advances 
to the excited, tlien in contact receives its burthen to bo 
conveyed to other bodies, so that tho rcstiUant motion of 
vertical force is the etiual distribution of that force, — an 
equilibrium preserved not by oppo^ng foi-ccs, but by the 
very naturo and laws which govern tlio action of force. 

Galvanism is tho residt of tho breaking up of existing 
strncturcs, thereby freeing the force which bound their 
atoms together, 'Would any one ask what is tho coment of 
the building when, by its destruction, the earth is covered 
and the air filled with lime? It is tho force of cohesion mado 
current, which constitutes galvanism. The condition of its 
being " current affinity " is decomposition, and a conduct- 
ing circuit or orbit in which it is to move. " Now," says 
Daniell, " it is curious to observe how chemical allinity in 
all these experiments waits uiion the conducting and col- 
lecting power ; tho strong attraction of kIiic for oxstilphion 
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is held ill complete check till a passaf;c is open for tlio ciucu- 
lalion of t!io fovco ; flic foi'co ivliich circulates must bo equal 
ill nil parts of ila circuit, it sto]>s with the slightest break in 
tho coiUimiity of ils coiuluctor." Urged sometimes by 
tlic intensity of the cliargc, it leaps throogh a short space 
of air, and then with its flame arched upward, proclaims 
tho tendency of force to assume the circle, whose circum- 
forcnco is propoi-tional to tho degree of the force which 
revolves. 

Br. I^'arraday has proved that the contact of disainiilar 
metals is not necessary to the generation of the current, and 
that the fowe is always in oxaet proportion to (he amount 
of chemical aftlnity. "With a knowledge of the laws of force, 
tills fact needed not tho demonstration of oxpcrimont ; for 
the force of coliesion liberated must measure the euri'cnt 
force ready to act in now combination, or to pass for exam- 
ination along the conducting wire to the matter it is to bring 
together in newly built structuros. How beautiful, too, tho 
analogy between the chemist and tho mechanic ; the fonncr, 
connnanding for liis work tho forco once used for cohesion, 
and again directing its strength for a similar purpoBc; 
the latter, using as his property the foi'ce of a moving 
world, directing it in the circuit of Ins machinery, that it 
may destroy structure and build other structures that min- 
ister to human wants. 'J'liis vory analogy has been thus 
traced out "'I'ho amlogy of the transmission and directioii 
of mcehamcil ioicc, inaj peiliip^ assist in the formation of 
a clear idea oF this inllmnLb of bodies," [current alllnity.J 
" J^vcry one is famih u with tho modes by which tho mus- 
cular force of nnimils, tho elastic force of steam, &e., is led 
by the solid mittci of Ic^eis, eoids, and wheels to distaut 
points fi'om its suiict- nul tlieio sot to work, somewhat in 
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the same way wo may conceive tliat tlie force of nflinity may 
bo directed to distant points tlirougli appropriate conductors, 
But ita jonrnoyings nnist bo in a circle, and the arrange- 
ment must bo made in eucb a way tliafc tlio impulse may 
return to the point from whioli it set ent ; it must circulate." 

" 111 no case," says I'arraday, " is tlicro a pure creation 
of force, a productJon of power ^vlthout tho exhaustion of 
somotliing to supply it." Of course it has excited the won- 
der of chemists, that two pieces of jnetal, producing no 
chango in tlioir states, should l)e an inexhaustible soureo of 
power, 'j'lio wonder ceases wlion tho distinction is made 
between current aflinity brought into action, and contiTuiing 
in action in its orbit, and the current aflinity from broken 
cohesion, returning after ita circuit to rebuild from the ele- 
ments wliich had been torn asunder, at tlie broken orbit 
between tho positive and negative jiolo. Tlie one is seen in 
the action of tho magnet, — the other in tho passage of tlie 
galvanic current, passing from tho work of destruction 
througli tbo wire to the work of rc-ercation, or at onco 
passing through bodies in ciiomioal aflinity. 

Before we proceed to tlio examination of tho union of tho 
magnctical and oloetrical phenomena and the action of tbo 
magnet, wc will explain our views more fully of the effect of 
file galvanic current in changing the condition of bodies on 
wliich it acts. I'olavity is tlio positive and negative pole, 
or tlie direction of the current fowo. Tho wire is tlie con- 
ducting circuit, between the poles of whieii is tbo substance 
acted upon. " Now tho idea of polarity," says WliowcII, 
" involves the conception of opposite jn'Operties in contrary 
diroctions ; for example, attraction and repulsion, darkness 
and liglit, syntliesis and analysis." 'I'bat is, forco revolves, 
tisc current in its passage one way repels, in the otlier 
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attrftcts ; in ono way gh-es darkness, in another ■ivay liglit ; 
it bi'calts down structure or reVmilds structure, for in ono 
way force ia taken from tlic body ami from the othor polo it 
returns. In tlio one case, for instance, it rosolvca wafer 
into its constituent gasoa, in the otlicr combines tho olc- 
menls of water into Uiat fluid. '.I'his proves that our idea 
of polarity is right, and opens the mystery of ohonitcul 
action genorally; for tlse same result ia had without tlio 
wire, — tlio transfer of force, li'ari'aday expresses the idea 
in almost the same language. " Ciicniical synthesis and 
analysis must be conecivcd as taking place by virtue of 
eciual and opposite forces, by which the particles aro sepa- 
rated or imitcd," tbat is, by tho transmission of force. 

"VVo continue to quote : " Tlicse forces, by tlio very con- 
sideration of their being polar, may bo ti'nnsfcrrc<l fi-om 
point to point> and tlius we ha^'O a positive foi-co active at 
one extremity of a line of particles corresponding to a nega- 
tive foi-eo at tlie otlior extremity ; all tho intermediate par- 
ticles neutralino oaoh other's action." This idea was 
introduced by Pi-ont, confirmed by Davy, and fnlly illus- 
trated by l''arraday ; and for its full comprclicnsion it needs 
only that wo diaeliargo tbo unmeaning expression, ' negative 
force,' and consider tlie plionomcna as indicating the transfer 
of force in its circulating orbit. 

In our view of magnetism, we have tbo labor lessened by 
the acknowledged fact, that current affmity, or galvanism, 
or electricity, is identical ivitli niagnctism. It ia so decided 
by competent authonty. (i'his was first announced by 
<KrsEcd in 1.820, and proved by a series of exporimonls. 
Franklin long before tins iiad induced magnctical polarity 
in fine needles by passing through them a current of elcc- 
trieity. Tlio disturbance of tho polarity of the ship's com- 
pass is also a well known fact. 
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Wo call attention to this phenomenon : place tlic ncctlto 
ovcv Iho eontliicting wii'C ; it lic3 across tlio patli of the 
vnsliiiig force ; beneath, it lies again across the marked polo 
in the contvary dircetioii. Di: li'ari'nday succeeded iii pro- 
ducing a revohition of tho ncodio about the wii'o, and of the 
wivo around tho nocdic. '.riic principal cllccts of terrestrial 
magiiotisin " may ho imitated by distributing a wire around 
the surface of an avtifieial globe, in a spiral direction from 
the equator to the poles, tho tivo oxtromitics being turiied 
inwards, bTOiighfc ont at the two axes, by which the connec- 
tion may bo made with tho battery. A magnetic ncedlo 
properly suspended in diflbront situations near the globe, 
^vill an'nngo itself in positions perfectly analogous to those 
assumed by the dipping needle in the covrespouding regions 
of tho cartli." Tho action of conducting wires rolled in tho 
form of the Hat spi nl i o 1 ce o o o lo tt o act o of 
tho marked (north) | olo I o tl c otl e of tl o a 1 o 1 
pole of tho magnet. 

-As it has been vc kcl tl tl o f la o t 1 i t 

(the rotary moveme t c [ j ^ tl c o 1 t 1 ) to I cl 
other facta of c/oefjcmionctLsm aio icdueibb Magnetic 
bodies dori\o then powei of ithxction fum the circnlar 
movement of foice >\ ithm them, t-xtcmluij; 1 c^ond tlicm 
to bodies of smnhi intuie withm ocitnm distances, the po- 
larity of micnctit-il bodies is o\ung to the socoiulary or 
rotntivo cmicnt \\hieh iniaiiahly accompanies ^ihat may bo 
termed tho primary motion of force. 

'I'hus is the polarity of tho noodle upon the surface of the 
globe indicative of a ciiiTCnt of force circulating around tho 
globe in planes parallel to the magnetic equator, increasing 
in power from the ctiuator to the poles, obeying the general 
law, increase of intensity with dcercase of the orbit. M, 
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Aiiijici'e was Uio first who rccogiuncd tlic oxistoiico of tliia 
ciirront, ivliich has boon imputed to the iiiflticncc of tlio sun 
«))on tlic tropical rogiona. 'L'hat the cuvrcnt Hows tUcro is 
no doubt ; tho fmgor guide, the magnet, is awtlioi-ity j and it 
not only iiulicatcs tlio fact, to ivhicli ivo shall often refer, 
but, what is more Imjrartanfc, points to a principle of uiiivcr,^al 
application, — tho onward primary inoveniCHt of force i3 
always accompanied by the secondary, 'ilius orhitual and 
i-otary movement as tho la^¥ of force is allivmcd not only by 
tlie movements of the splicres, but by every rivulet of force 
which has strayed from tlie mighty channel of i)ower, — to 
be predicated, not only of tho career of worlds, but of tho 
action of the most minute particles of niattor. 

The preceding remarks ako indicate tho action of foreo 
upon the magnet. 3!y tho touch of tlsc loadstone there is 
given to tlie atoms of the nccdlo tho structuro, which dctcr- 
mincs the flow of force through it in a fixed orbit. I'oreo 
in any other direction gives motion to the nccdlo on its 
pivot ; force in tlio direction of this orbit flows through it, 
and it is unmoved by Jt. 'I'hus it oscillates, a motion ncvet 
produced by a stationary fixed force, but by the absorption 
and tfansfor of force. In one dii'oction fowo gives motion 
to tho needle ; in another direction tho force i{o\m thi-ough 
it, presenting a perfect analogy to tho oscillations of tho 
pendulum. '.L'liis idea ivill be explained as we proceed. 

Tho attractive power of tho magnet may bo understood 
ft'om tho ])roeess of inducing magnetism. Dispose of two 
bars of steel in a parallelogram, coimect tlicm at the ends 
With two pieces of soft iron, thus malting a eiveuit or orbit 
for force, and apply tho loadstone; or in a hoi^cshoe magnet 
connect the extremities by a picco of soft iron, making tlio 
cirenit, and tlicn ap])ly the force tln'ougli the medium of tho 
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loadstone. 'L'hus you have polarity, — a tllrcction of the cir- 
culatory forco. 'liic kccpci', aa the picco of soft iron is 
called, when attached, is ft part of the orbit, and, while it is 
attached, tlio circiut of forco being complete, the magnet has 
almost no attractive power. Hcniove it, and iron, a sub- 
Btaiico resembling steel in its stractHve, will bo brought by 
force to finish out tlio broken orbit. If tho loadstone bo 
applied to a circular picco of steel, niagnctlsiu is as tfiily 
induced, but force revolves latent and uHobscrvcd. Such is 
the delicacy of tho established orbit, that a fall upon the 
floor will often materially aftcct the power of the magnet ; 
and magnets, to have their power preserved, should bo laid 
away with tho Itccpcr, that h, with the completed orbit. 
Somo additional facta will throw more light on this subject. 
'Phc concussion of the steel by a hammer, causing it to vi- 
brate strongly, will aid tho process of indacing magnetism. 
Tims force is supplied, or tho molecular movement enables 
the atoms to arrange themselves in the lino for the orbit. 
After tho orbit is established, a sudden jar may disarrange 
it, by excess of atomic motion ; and oxygon, uniformly the 
destroyer of structure, always annihilates the orbit. 

An unlettered man, on looking at the action of a magnet, 
cxclaintcd, Why, it appears as if it let out a loop of cord to 
drawsomcthing into its place. "W^cU did he indicate tho action 
of force in completing its orbit, and changing it from tho 
elliptical to the circular. Many attempts have boon made 
to convert the magnctical force into motive power for eco- 
nomical purposes. In vain ; and the reason given for tho 
faihire is, tho short distaneo at which magnetic force can 
bo made to aot. But a more general jirinciplo is tho cause 
of Uie disappointment,' — ■oio which, when understood, will 
prevent any fiu'tlior attempt. Tlie action is such fis itself 
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to coiiiplcto ttio civeiiifc, ami tlio revolving interior force ia 
locked up, giving coltosion to tlio mass, 't'lic completed 
orbit of tUo magnetic force is beautifully ilhistratcd hy 
pieces of fine wito, cut in lengths of aliont 1-8 iueli, wliich 
may bo auspcmicd from the mngnefc, forming a cliaiii or 
coimoctcd loop from one pole to the other. 'I'ho soft iron 
TOccivcs polarity by this contact without the power of retain- 
ing it, except when the cireulation is maintained by tlio 
permanent magnetic structure of the steel. "We notice, too, 
tlio accumulation of intensity at tlio enda of Hio magnetic 
bar, the cHiptioity of the orbit developing as e\'cr the 
increased velocity of force, just as the comet is drawii ivith 
accelerated speed in the sharpest part of its elliptic course. 

Wo notice in this place, as an idea groiving out of the 
preceding, tho diOcrenoo of striicttire betsveen the electric 
and tho dielcctiio, the good and tlio bad conductors of force. 
In a strong metallic conductor tho force condenses ifsolf, 
inci'casing in intensity \vith the doorcase of its orbit,-— in 
other words, in the electric it establishes ils orbit ; while in 
the dielectric the orbits for circulation do not exist, or focbly 
exist. Saya Danioll, "In tho dielectric the force cannot 
travel from one end to tho other to aeoumulato at the ends, 
like tho electric forces in tho insulated conductor." "Wo 
refer to tliis fact now, as it throws light upon Uie action of 
imponderables, for instance, force destroying wood, while it 
enlarges iron ; Imt mainly because this distinction will add 
nmch clearness to our conception of the important conditions 
of mechanical action in the pressure and friction of bodies 
in contact. 

Whence is animal force ? Wo are prepared in somo de- 
gree at least to detect its source, if it Ho not too deep in 
tho mysteries of the living organisation. 'I'lic proximate 
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cause of animal licat (force) is unqvicstionaWy respira- 
tion ; 1»«fc pliysiology has not yet arrived at a distinct enunciiO- 
tion of tlio yrinciplo, by wliieli tlic cliango in tlie eoiiditioii 
of tlio liilialcd and oxtialcd air deposits force. It is pre- 
sumed tliafc it is tlio breaking up of animal tissues, wliieb 
arc exhaled as the base of carbonic acid, '.riiis slow com- 
bustion, it is said, evolves beat. 

'.I.'ho ftccoloratcd action of tlio lungs by tKo need of fovcc for 
unwonted exertion, and the continuous full play of tho luiiga 
as denoting permanont strength, tell us as plainly as facts 
can speak that force comes proportionally to tho act of res- 
piration. If onr general view ho correct, ivo shall find that 
tbo air has parted with foi-co on its contact with tlic lungs. 
It is even so. 'J'he air expired is heavier than when in- 
baled. It has been depvtvcd of force. Tho formation of 
carbonic acid is not only the principle of heat, but the con- 
dition of the force of life in all organic strHOturo. 'I'ho 
reason of ifa traiwfor of force to tho blood, and through it to 
all the sepavato parts of the system, is only to be known by 
understanding tbo nature of life, which is perhaps wrapped in 
obscurity by the very belief that its mysteries are inscruta- 
ble. Bnt should we ever adinit that any tlimg which bears 
tho stamp of tho finite is unintelligible ? 

Animal force dcvclo))8 itself imdor the conditions of heat, 
light, electricity, galvanism, and, it is said, of magnetism. 
It is circular in its flow through tho system ; the heart and 
brain establish its polarity or direction. I'lloetricity and 
galvanism -wilt move the nniscles, faking the place of tho 
muscular foi-co. 

Do ivo wish for moro proof of the identity of heat, cur- 
rent affinity, galvanism, muscular force, of all and every 
form of poiver ? If you elovato ii body to make it rotate at 
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a Jiighcr level from the cavtli, tlicrcliy increasing tlic cir- 
cuinforciieo of tho circle it must dcsoriho, will not oitlicv 
and aU of them give to fho body elevated its roquircd force ? 
Are not each and all of thorn resolvable into tho fovco which 
moves tho spheres ? 

AVc have passed oyer this examination of tho streams of 
force with a hurried glaneo. If these excite ow wonder 
and adinivfttion, ivliat is tho fooling -with which \vc fix our 
attention on tho fountain itsclfj from which these come as 
tho accidental spray and tossing of the occati over spread 
ont hefovo ns,- -the force which moves tho system of 
systems, tho croatlon of an otovnal and almighty God, re- 
volving in circle upon circle through limitless space. Wo 
stand speechless at tho thought of this boundless power up- 
holding tho heavens and tho earths ; yet boundless as it is, 
the strength of creation softly and Itindly ministering to tho 
breath of the sleeping child ! 

AVIicwell expresses tho idea of the identity of force in 
tho one hundred and third aphorism of the Philosophy of 
tho Inductive Seiences, in these words : "Mechanical, 
chemical, and vital forces form an ascending progression, 
each including tho preceding. Ohcniical allinity includes 
in its nature meehnnical force, and may be often practically 
resolved into mechanical force," &o. Ohomista generally 
indicate the identity of force by their communication of tho 
fact, that the same matter in its atomic divisions has tho 
same affinity for gravitation, for Iioat, and for eloetrieity. 
'I'hus is pointed out, analytically as well as syntlioticnlly, tho 
identity of force. We need not enlarge, as every ohemieal 
manual gives the results, and it would be the mere task of 
tho copyist, transferring the sentences of tho common books 
oil tho science of chemistry. 
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"We find," sfiys IlHmboUU, "among Uic most Biivagc 
nationa, as my own ti'avela enable nic to attest, a ecrtaiit 
vagno, terror-stricken sense of tlio all-powc f I ty of 
natural forces, and of tho existence of an it s t Ic es co 
manifested in those forces, — wlicthcr in fell t! o 
Bowor and inatiivinf; tlio fruit, in iiijhcavinj; tl o so 1 oi tl o 
foitsst, 01' in rending tUo clonds with tlic force of tl c sto 
Wo may hero trace tho revelation of a bond of oik 
ing together ilic visible ii-orld and that higher ] t 1 o 1 1 
which escapes tho grnsp of tho senses. Tic t o ! ceo o 
unconsciously l)lendod together, developing as a simple pvo- 
dnct of ideal conception the first germ of a philosophy of 
nature." 

'.llic great error of science is its too minuto classification 
of facts, and tlie attempt to find for each class of fact a dis- 
tinct and dcrtnitc Ian-. .Vaota aro never isolated ; there stvo, 
in philosophy, no lines of demarcation hotiveon them. It ig 
the poverty of man's intellect that thus subdivides. '.I'ake, 
for instance, the classes, departments, orders, kingdoms of 
organic atructure. How they fade away one into the other! 
How clear on this iroint is Agassis, in his Philosophy of 
Natural History ! Other strong minds follow his investiga- 
tions. Ho docs not look upon organic stnicturc only as a 
succession of classes ; he does not aflirm laws of local or of 
special application alone. Ho views life as a whole, and 
sees the general law which gives a oneness to crealion. 
Ho combines when others analy/.o ; ho looks for simplicity 
where others see diversity. How true is tho law of the mind 
to the law of nattn'e I 'J)he pure conception of the savago 
soixcs tlic idea of tho nnity of nature, and tlio truly great 
philosopher oilers the samo as tho dediiction of tho reason- 
ing powor. It is in an intermediate order of minds that wo 
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find the ci'rova, tlio acoiimitlatioii of unassorted facts, tlic 
confusion of conflicting theories. 'I'tie firat thon;;ht, natural 
to tUo mind, ia unity, — ■ tlio last and fiigliesfc conceptions 
return to tlic thought of the pure and simplo reason. 
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CuusoRir.y must wc jmsa through our oxamination of 
capillary attraction, lictcrogencoua and homogcncouH at- 
traction and ropulsioH) and chcniteal aftinity ; cursorily, bo- 
causo ive need not devote attention to the minor phenomena, 
as the consideration of tlio moro jn-oniinont involves that 
of tlie lesser ; for general laws f^rasp the iioints, however 
minute, as ffcU as embrace flie a<fgregato of points whieh 
constitute the universe, force under general laws rtotorinin- 
mg the place and position of all thingi, fjie minute aa well 
as the extended. 

It is sympathetic motion ivhicli forms the coiitliuilty of 
worlds ; and if a mass bo formed, it is also hy sympathy of the 
motion of its parts, — it exists as a mass by this synipatliy of 
motion, — if ithc vent asunder, it is hy jarring and eoniSicting 
motion. If there were not liarmony of motion among the 
spheres, the solar system could not exist. If there woro not 
sympathy of n\otion among atoms, masses could not exist. 
It'rom this latter idea arc deiluoiblo homogeneous and hetero- 
geneous attraction, fho phenomena of fdtration, of cxosmoso 
and cndosraosc, and gcnoinUy the attractioit and repulsion 
of bodies at distances not too remote for their reeiproenl 
action on each other through the connecting media of air, 
water, or other aubstflnccs. 
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Capiliitiy attraction is certainly inexplicable on the ground 
of the attraction of matter. As generally understood, mat- 
ter attracts in proportion to its bulk. ]!iit water, attracted 
by the thin glass tube, escapes from the attraction of tlio 
earth which retains its hold \ipon the glass tube, yet lots 
the flowing water elude its grasp, and run up in perfect in- 
dependence. Ji«t the ccntro of the glass tubo has no nioro 
attiat-ting powd Unn the uids , and, if tho jla&q bo filled 
with \\itei, tho tube ou„lit to attiat,t do\'inwaid '\i well aa 
upwaid Indeed there is m this phenomenon notono soU- 
taiy fact to sliow th it the j^hss nttiiets tho witoi, except 
that the \\^^<,i n\ the tube if coiicavo,inni^ whoioni contact 
^vith tho glass ; nov does this manifest tho attraction of tho 
glass, but an attraction upward. Surely if the sides of tho 
glass attracted, tho area under tho surface would attract 
downward as well as tho area above attract upward. I'or- 
liaps wetting tho boro of tho glass takes away the power 
of attraction ! 

It has been remarked that " tho boldest imagination can 
hardly form a conception of the undulations rendered latent 
\yitliOHt annihilation, laid up in store as it were, and capable 
of boing drawn forth in full measure and intensity." This 
appears to bo tho idea which leads to the understanding of 
tho phenomena of capillary attraction. 'J'heso undulations, 
latent in the water, are brought into the consentaneous mo- 
tion of tho mass inclosed in the narrow tubo. It appears as 
if the range of molecular action woro reduced by the eou- 
finoment, and the no longer used atomic force is resolved 
into rotative force at a higher level. In mcrcuiy, the action 
is perhaps tho converse ; tho atomic force of the glass may 
bo increased, and force bo ivithdrawn from the fluid metal, 
Wo thus olfcr a more consistent theory than the old theory, 
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oven if it bo not tnie, and its trutli may bo rendered moro 
apparent by our proposed examination of the properties of 
fluids. 

"Wo read, hoivcvcr, that " it has been proved hy experi- 
ment that mercury will rise above its level in the same man- 
nei- as ■water, when botli the tube and mercury arc pov- 
feetly dry. TI\o mercury being dried by rcpontod boiling, 
is freed from its Immidity. It appeals, tlicroforo, that tlie 
depression of the mercury bclo>v the level is occasioned by 
a little moist film, which attaches itself to the interior sur- 
face of tlie glass, and thus by its interposition, perceptibly 
weakens the attractive force of the glass," kc. 'J'he effect 
on the phciioinCna of capillary attraction wJU bo further 
elucidated in the prosecution of this infjuiry. One thing is 
certain, the rise of water is not from the attraction of the 
glass; for tUo glass would attract downward as well as 
upward, especially as aided by the attraction of the earth. 
It has been supposed that the ring of glass above the hx\v- 
facc is the attractive cause. Jiy others, as by ])r. Hamilton, 
" that the fluid is supported by the attraction of the annuhia 
contiguous to the bottom of tho tube." 'I'lio hulk of sup- 
ported fluid is not proportional to tho Bnrface of tho glass 
with whicli tho fluid is in contact. Of eoui^c," gravitation" 
in capillary attraction is out of tlio <iucstion. 

J'llastioity is tho property of bodies, the particles of which 
bavo a wider apace and larger vibrations, which vibrations 
can he lessened for tho time by tbo application of outward 
force. Glass, for instance. Is extremely elastic, and tho 
wide separation of its atoms gives it, probably, its transpa- 
rency, and perhaps its peculiar properties in relation to 
electricity. Air is highly clastic, and is disfinguishcd by the 
rondincss witli which it receives and transports the vibra- 
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1 of Ic D ol oi lo It cf tl convcycv 

of ot as tl 1 t 1 to f 1 o c t e 1 1 „ 1 otoro tlio 
Ion t I he )ct t otil t tl 1 ato every 

1 ect 1 11 tl c ov „ t cc "i c i \ly 1 t 1 ted and 
tl c 1 n s agn aio o 1 

Ooleyo 1 6 iioscl to 1 a 1 n } ot tl o ttractivo 
fo CO of ttc U 5 fo CO t *) 1 CO ets tlic \mv- 
t ol s of 1 ol 0^ tOoOU e tl ol 1 So tl cater or 
Ic s c c f,\ 1 c a 1 si tl s fo CO as to 

kooj tl c 1 1 t clo f at 1 CO tnct t h at o haitl- 
c s a 1 to tl Iflc c t c c tj of co! c vo power, 
a a tago t ) o c s a^, e I tl cj 1 fo eo of mat- 
ter, " BCparating tlic i)avticlc3 of bodies from caeh other with 
greater or less energy." Tiiko Mahomet's colIln, the atom 
liangs midway hi the rest of perfect eqiulihriiini, But, 
alas ! bodies Hi eqaUibrio move at the softest towch, and the 
particles of the solid iron would tremblingly oscillate as tho 
filightcst breath of wind passed over them. 

A better knowledge of the action of current aUinity, 
that is, tho acknowledgment of the laws of foi'co developed 
by tho recent experiments of distinguished chemists, has 
led to the supposition that cohesion is induced by (ho revo- 
lution of electrical foi-co through the mass, though the belief 
is not yet" generally or distinctly avowed. " Behclling, in 
1808, says," — wo quote from "Whewell,™" magnetism is the 
vmivorsal act of investing multiplicity with unity." Accord- 
ingly we find Schclling welcoming, with a dnc sense of their 
importance, tho discoveries of X''arraday : " Wlien ho hoard 
of tho cxperimcnb in which electricity was produced from 
common inagiiotism," ho thns reasoned ; — " we have three 
offeeta of polar forces, — electro-chemical decomposition, 
electrical action, magnetism. Volta and Davy had con- 
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f 1 1 t llj tl iciciitity of the two fornior ageiv 

<J til 1 tl t a closed Voltaic circHit accoutred 

{ 1 1 t 1 t in oi'dcr to exhibit tho identity of 

It 1 t tion, it was rceiuisitc that olech'ic 

f I 1 1 1 ( t I from magnetic. This great stop, 

1 k 1 1 1 J 1 1(1 made in producing tlio olcctric 

J 1 1 y t tl lagnet." AVhowcll contimies, — 

Vlti £,' J ' <' assertions of tho kind tluis put 

f tl 1 I of the pervading infhience and 

t f t I t liicli persnasion lias ah'cady been 

f 1 y t 03, they involve this )jrinci]»lc in 

a 1 "Hnbiguons, that it can raroly in 

J f 1 f y or value." I'Voin tho opinion of 

It lit) asoning power, it h perhaps prc- 

] t tin ! t t s deemed that polarity, or in other 

1 1 t 1 1 of forco aro tho only possihlo tic 

f t ty f f tho conTiecting bonds of tho solav 

J t f U Is of tJchelling, — "tho act of in- 

t 1 il ty ! nity." Wo will give ouv rciiHons 

f tl 1 tl y 1 vc occurred to vs. 

li ] I t I) i cd a connection between magnetic, 

It 1 1 1 1 1 I between those and crystalline po- 
1 ty 1 ) t 11 t is the taking up of the bond of tho 
1 f 1 1 ]} 1 OS never cryslallino, except when 

ti 1 t I 1 emically, and solid bodies which 

c i 1 11 y 1 t moat completely and exactly, also 

ci)8i II 1 1 forces which liold together tho elements of 

a tal of al i avo tho Bamo forces which make it a 

ciytital. Ihoio la no distinguishing between tho two sets 
of forces. Accordingly, lierzelius asserts that tho regular 
forms of bodies suppose a polarity, whicli can bo no other 
than tho electrical or magnetic polarity. Again ; " tho 
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ulciitity of a crjsEallitio aiu) optical jiolarity is too obvious 
to need insisting on." ^I'lms miicU from authority of tlicso 
iattor days ; and wo quoto the words of Newton : " Would 
ifc wcro permitted us to dcdiico the otiicr plienomena of ua- 
tiu'o from nicchauical principles, and by tho same kind of 
reasoning ; for many thinga lend mo to siispeot tliat ail tlicso 
phenomena depend on certain fovccs by which tlie partieJes 
of bodies arc cithci" urged toward each other, through 
causes not yet I<n.own, and cohere according to rcgnlav fig- 
ures, or are repelled and recede from each other ; nhicli 
forces bcin}5 unkno^tn, philosoplicrri liavo hitlierto made 
their attemptii Tipon natm'o in vain." 

Wo are dispiBod to believe that tho ultimate particles of 
bodies liave an orliital or rotary motion, intense in piopoi^ 
tion to tho circumscribed space in ■ivhich thoy move. In 
every mass, also, and at times extending beyond tho mas3, 
(as especially tho object of perception in tho maf,not,) this 
motion exists, the phenoniena of ^Uuch aro those of jiolarJiia- 
tioii, and tlio result of which is cohesion together with tho 
plicnomena of friction, and perhaps of chemical afiinity. 
'i'ho force revolving in the mass is cohesion, out of the masa 
friction or pressure, and tlio change of tJio strucitu'c of tho 
mass is chomioal action. 'I'hcso ideas ivo will attempt to 
develop. 

'The magnet, whieh by it.s polarity indicates tho pa-isago 
of the current of force, by its attractive power will indicate 
tire nature of cohesion. Tho inagnetincd stool has a circu- 
lating force, which will leap out of tho boundaries of the 
mass to bring to its embrace another mass of iron or steel. 
Close the circuit with the keepci-, and the foreo revolves 
within, as tho bond of cohesion between the keeper and tho 
magnet, and not oidy so, bnt as the bond of cohesion be- 
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twccn tlio atoms of tlio niafpiet. 'J'lius cvciy mass lias Ha cir- 
cnlatitig bond of fovco, beyond w)iicli Us pai'ticlcs may not 
stray ; and it woxiMl seem as if natm'c, liaving no fondTicss 
for mystery, lionnotically seals up none of licr processes, 
but protrudes tbo force of cohesion of tiio stool, tliat it may 
1)0 perceived, and tbat wliat preserves tlie continuity of c\'ery 
mass may tlnis be knoivn. Xn the ItorHoslioe magiict with its 
kcopov the cnvrcnt of force circulates, latent and unper- 
coived but by tUo pendent keeper ivliicli completes tlie orbit. 
In tlio circular steel the force is just as active, \vitiiout indi- 
cation except by the general eoliesion of the mass. So in 
tho bar of iron. Tims by tlio simple laiv of nature there 
is contiimity of mass, oneness from multiplicity ; tlio bond 
is the revolving force. Its in-eciso manner of action may bo 
traced out. 

Science as yet has hardly rcco;;iiii!ed tlio existence of 
electricity and magnetism, cxcopt in tho incidental exhibitions 
of their power in tiio magnetic needle, in tho ilash of the 
lightning, in tho artificial spark rubbed from tho glass cylin- 
der in tho lecture-room, But they are cvcrywhci-e a mighty 
branch of the groat stream of forco npholdiiig tho universe, 
connecting together the creation of God. 

To repeat a former illustration, would you ask tho natuvo 
of tho cement of tho brick building, which, when it was 
torn down, filled the air with the dust of Hmc ? Break np 
the cohesion of tho ntass, and heat is evolved ; — can you then 
separate heat in yonr mind as something opposite to, and dis- 
tinct from tho electrical force ? Hub substances together, 
electricity starts forth ; — docs not clectrieity then circulate 
to the very surface of tho mass, and often beyond tho mass ? 

Pressure is therefore the connection of foreign bodies in 
near contact, by the force of cohesion extending itself from 
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mass to mass. 'Iho phenomena of friction abuiulaiitly 
pfovc tliia. First, because, flioiigli friotiou beava a gonoval 
ratio to (he qwnntity of matter rubbed together, it is not an 
jnvariablo (juantity, as it woiiUl l)c if it (topcnclcd solely on 
tlio weight of the mass. JJut tlic subject must be examined 
in its details. 

Ij'i'ictioii, or the degree of friction, if it wore induced by 
^vcifjht or gravitation, ivould l)o almost, if not altogether, an- 
nihiktcd in a smooth body moving iiorixontally on anoHicr 
smooth body, lyhich is not the case. If the dcj^rco of fric- 
tion wci'c caused by ivciglit, it \voul(l bo a constant value, 
measurable by tiio weight, ivhich is not the case. If the 
degree of friction depended on smoothness of surface, it 
wovdd bo measured by t!\c polish, which is not the case. If 
the phenomena of friction aviso mainly from tho passage of 
cScctricity between tho rnbbing bodies, it ivill liavo a gen- 
eral relation to t)iO extent of tho masses ; it will be variable 
in degree ; it will bo increased or diminished according to 
the electric nature of tliosubstancca; it will be increased by 
the presonco between the rubbing substances of conducting 
botlies, and decreased by tho presence of non-conducting 
bodies ; it will bo increased by tho rubbing together those 
substances inducing magnetical or electrical action, and tho 
converse, — all which are settled facts. 

'I'hus iSI. Coionib has determined by experiment that 
friction is increased between bodies of tho same weight and 
the same smoothness, by t!io aetof rubbing together, — by tho 
gradual induction of the electrical force. Bodies of dilicr- 
ent structure- obtain their maximum of pressure in diffei^ 
cut times, t'or one instance, a weight of one thousand six 
lumdred and fifty pounds in contact ivas moved at first with 
a force measured by sixty-fouf pounds ; in tho lapse of thfco 
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secomls, it vcqinrcd a force of one luiTidicd pounds ; in 
thvco (lays, six Imiidi-Gil and twcnty-fivo pounds ivould 
hardly move it. 

Again ; to ci'cato tlic electrical state it is not necessary that 
the bodies should 1)0 ruhbod t«getlic»', it being induced at 
times by contact merely. The iron wheel of Uio toconiotivc 
only touches the track, bears upon it, and is lifted. If there 
lyoro no magnotical action, tlie wheel ivould turn at the 
axle, but not impel the train, "^'ot the circumference of the 
wheel must adhere, for propulsion. If the non-conducting 
substance, ice or snow, is on tJie track, tlien this olecti'ieal 
action is so jnucJi reduced that the presstive is not sadicicnt 
to turn the wheel; or ratJicr the ivbcel turns by tho con- 
d\ieting rod, but for the ivant of electrical action, pressure, 
friction, weight, — call it what you will, — it takes no hold 
upon the tcack, and tho locomotive cannot advance. A prac- 
tical engineer in conversation indicated his knowledge of the 
fact, that tJio jiassagc of the train over the track induces 
magnetical action. Pointing to « pile of unused railroad 
baifl, ho said, "'llioso bovs hivvo been exposed to tho air a 
few days only, and tlioy are red with rust, while the bara 
laid down for years in constant use scarcely show rust. la it 
not," askcdhc, " tlieol^'oet of magnetism?" When wo ride 
swiftly over the winter railroad, — tlio snow, — ono is apt to 
think of the smoothness of tho snoiv only m doercasing tho 
friction of tho runners of tho sleigh, forgetting that ice is a 
non-eondnctor of that which detennines friction, 

Of course, ivhen we speak of friction, wc know that it is 
inodificd by smoothness of surfaocj-^that wugh surfnooa 
eamiot bo rubbed together without foi-co to break np tho 
cohesion of the projecting points; hut, aside from this 
with equal polish, tlie extent of pressure is measured by tho 
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pnssftgo botwoon Uio aui'faecs of the electric or snagiictic 
force. 'Wnis of iron rubbing on iron tlic prc^uro may be 
Hulieaied by tKo fraction J, wliilc iron rubbing on copper, 
,with no smootlier surface, stands at ii ; for tlio reason that 
ii-on and iron cxcito llio more intonso niagnctical action. 

'.I'tio cft'cct of oil as a non-conductor, decreasing presaiu'o 
and friction, is perfectly indicative of vihut constitutes pres- 
sure and friction ; and so is the converse practical act : if 
wo wish to walk securely on ice, \¥C imist cxcito electrical 
action, put on llic wooHen nioecasins ; " coai'So wooUcn and 
glass or ice excite tho electric action." Tims empirically 
do mechanics excite or repress fi'ietion, oftou without 
the least reference to priuelple. Oil and ice are smooth, 
slippery, &c. Why slippery, lias not been indicated. In 
the niaiutfac taring of plate glass, two plates placed u'itli 
their surfaces in contact, arc sometimes found to adhere 
with such strength of cohesion at the fornioi" surface of 
separation, that, in the act of separating tliom, the split is 
not coincident with the Hno of junction. Oil, or any other 
non-conducting substance, would prevent this formation of 
celiesion ])etivecn them. We have the following facta from 
ono practically well acquainted witli macliinory, A. pieoo of 
smooth cast iron revolving on other cast iron, without oil, 
will often file away tJie iron on which it revolves with great 
rapidity, the iron dust falling as saw-dost fwm the sawed 
wood. A revolving spindle, or otlior wrought imn body, 
moving on a wrouglit iron axis, without oil, will often increaso 
its friction until the motion is stopped by it, and the two 
pieces of iron will be found cemented or welded together, 
so as not to come apart at the former surfaces, and ivlicn 
sopavatcd the grain of the iron is broken. " I have been 
toldj" snid he, " of mills being stopped by this adhesion of t)ie 
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gudgeon of Uio projicliiiig \vliocl for tho want of oil." Oilier 
insttinccs iviU occur to every one, such as the close adhe- 
sion of two pieces of glasa lyhoii wot, their aliglit ndlicaion 
ivlicn greased ; tho two dro})s of water kept fmni union l)y 
ft thin coating of dust ; tlio stratum of oil over water pre- 
venting tUo water fixini frcening, though cooled below the 
point of coiigelfttion ; air proveutod from penetrating tlio 
wire gauKO ivhoii ivct ; the non-ascent of water in capil- 
lary tubes composed of a material that eamiot bo wetted ; 
the spreading of oil in woollen cloth ; the repulsion, as it were, 
of oil and water ; tho rise of water in the pores of a lump 
of sugar ; tho process of tho solution of the sugar. In fmo, 
t!io ivliolo class of phonontcna of what is called homogeneous 
and hoterogcncoiis attraction, is traceable to this principle, 
tho extending, imparling, diminishing, taking away tlio 
bonds of cohesion by tho presence of body with body, 
according to their electric and dielectric natures. 

Wo road in old philosophy, " that flat and smooth sur- 
faces of metals, glass, &o. do also adhere with considerable 
force, but with sonre other bodies a certain artifice is required 
for tlio purpose, namely, tho interposition of some Ihiid, as 
oil or water, &e., or of some substance that may bo applied 
ii\ a soft state, which will after coagulate and grow solid, as 
t«llow, wax, and fluid metals. AVhero sometliing is intor- 
jwsed, the cementing or adhesion seems not to take place 
between tho two surfaces, but between cacli of tJioso sur- 
faces and the interposed substance ; for, in tho first place, 
it soems strange that the surfaces sJtould have a greater 
uUraction when something is interposed than otherwise ; and 
soeondly, it has been found that tho adhesion diftbrs accord- 
ing to 'the diifcrent substance inserted between." 

Hence adhesion is not the attraction of the adhciiiig Sitb- 
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stances. 'I'he avUfico of comcnta is tlio intoi'iiosition of some 
suljstaiico, Hio elcctneal iiatiivo, of which is a«cli as to per- 
mit tliO fovcc of eohcsion of tho two ma^cs to pass and 
oii'culato through both ; it is tho cntavgcmcnt of the orhit of 
fho circulating force ; it la making common orbits from 
special orbits ; it ia extending tho bond of continuity. 'I'be 
net of soldering is an instaneo of this pvoocsa most perfectly 
accomplished, as tho interposed substance is of tho same 
stnictuvo antl elementary constitution with those united. 
Wo notice also tlic converse in flic amalgams ivhieh mer- 
cury fonns with other metals ; the mercury becoming to a 
degree solidified, tlic other metal to a degree made fluid, 
so as to produce the mean of t!ic colicsivo force of the 
mingled metals. 

'(.'hove is also a modification of tho force of cohesion by tho 
mechauical addition of force. Tict a heavy weight be sus- 
pended by a copper wire, tho wire will remain of the samo 
length ; but by striking the suspended weight ao as to give a 
vibratory motion to the (Articles of copper composing (he 
wire, the wire ivill become longer ; — thoro is added force, 
greater molccnlar motion, wider orbits, and of course a 
lengthened wire. Crystals form in a saturated solution by 
the addition of force In agitating the water. Crystals also 
arc fonnod on foreign substances, by tho extension of tho 
force of cohesion from tho bodies on which they fonn. 
Jiiglit, which is a form of force, induces crystalli-zation. 

When one substance is rubbed upon another, tho body in 
motion preserves its own force of cohesion, and breaks up 
the colicsion of the body at rest on which it moves. Tliia 
fact is illustrated by the tallow caudlo fired from the gun, 
the tallow by its velocity or intense present force preserving 
its own cohesion, and breaking \\\) tho colicsion of a far 
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liavdcr body ; -— also by tlic action of the comparatively 
softer grindstone, in its rcvolutioii wearing away tlio Imrdcx' 
steel ; and by tlio diluvial stiua:, wbicli avo grooves worn 
into the suvfjico of tlio rock, by the rapid passage of an 
anglo of a rock no harder than itself. 

The dostniction of cohesion by the aet of cutting wltli a 
keen iiistviiment, is much nioro iicnvly connected ivith elec- 
trical action tlinn is gonorally supposed. It is well known 
that the olcctiio opark will, under certain conditions, per- 
forate a glM3 jav ; its perforation of the pasteboard card is 
a freiiuont experiment. Steel has high inagnetic proper- 
ties ; and the intensity of tho action of electrical force is 
increased in jiroporfion to the reduction of its orbit of circn- 
latioii. ^Yo have, then, in tho sharp edge, for instance, of 
the rawr, tho condition of great electrical activity. It lias 
often been remarked that the keenness of the edge varies 
■without assignable cause. A condemned ranor, used acci- 
dentally, will sometimes ho found to havo its edge restored 
by lapse of time, 'J'hc strapping of the razor is usually on 
non-conducting substances ; but the edge is often restored 
by strapping on niotallic surfaces. JSctwoen both a fino 
edge can bo obtained, as if the keenness depended on one 
exact degree of magnetieal induction. Strapping docs not 
wear away tho steel, or make the edge thinner ; for sti'ap- 
ping on the pahu of tUo liand will often be eftectiial. 'l,"ho 
nature of the stroke which sevcra, sti-engthons the opinion 
that the act of cutting with the keen edge is not depcndcnf; 
on force to break cohesion, but on the electrical induction. 
^L'hus by establishing correct theories h\ relation to actions 
of an enlarged sphere, even trivial operations and the com- 
mon arts may bo improved. 

l''rom all the foregoing we are led to believe (Irnt tlic 
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circulation of force is tliG bond of colicsioii, and tliat tlio 
acts of sepfiratiiif; and of coimocfing, of hibrication and 
of comont, of pressure and of friction, arc electrical phc- 
Homcna. 

'I'o Bocrlinavc is assigned the honor of originating tlio idea 
iliat chomicnl affinity is a peculiar force, having niulcr ita 
conti-ol the elementary particles of ninttor. )iy allinity in 
this Hso of the word is meant attraction. 'I'hc word afiinity 
was first used in I'rnncc, to avoid tlie word attraction, 
" which had the faint of Kcwtonism." Klootivo allinity 
expresses a choice of matter in tlic exorcise of its attractive 
l>owcr. .BcrtlioJIct aasertcd that allinity is not elective,— 
that, when various elcmonis ave brought together, tholr 
combinations do not depend on the kind of clement, but 
upon tiio {quantity of each ivhich is present, that which 
is the most abnndant entering most largely into the resulting 
componnds. 'l!liis doctrine was assailed, and tlie celebrated 
chemist BcrKelius says, " TiertUollefc defended liimsolf with 
great acutoncss, which makes the reader hesitate, but the 
gi-eat mass of facts finally decided the point against him." 
'I'ho theory of 3Jalton, at present the accepted theory, rests 
upon the idea of substance as well as npon that of choice by 
tho attracting poivcr. 

If we afiix the nsual meaning to tho words choice, prefer- 
once, election, the idea is very unpliilosophical. If Uie 
words bo retained in chemical science, they must bo under- 
stood as conveying no otlicr meaning, than that chemical 
action is dctcrniincd by the laws of force, ivhich destroy 
and rebuild the striicturo of masses. 'J'ho laws of forco 
never i-avy ; their seeming changes in rolatioii to the move- 
inciits of particles coine from defective oKsorvation, and 
reason must supply the dcflcieney of perception, We must 
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interpret tlic niiiuitc l>y ]'.iio\'i ledge gained from tlie ex- 
tomlcd. 'lluis, iiafcr and oil Mill not choinically unite. 
"Why ? The action of oil in preventing tlio vinion of iron 
ivith iron is fiom it'i dioleetiic propertic^^. It is an electrical 
plioiioinenon. So water and oil, from their opposite elec- 
trical natures, from the want of force equally and commonly 
diffused, will not tniitc cl\omically. AYo cannot form ono 
mass or volume from the two. Add an alkali, and tlio 
union of the three substances is formed. 'What analogical 
action is there in tho extended ? !l)ocs not non-conduct- 
ing matter ticpavate bodies or repress friction ? Is not 
the action of cements founded on the relations of tho vary- 
ing capacities for force ? Wo shall again advert to ttie 
subject, perhaps bettor propttvod to entertain the position, 
that tbo law wbieli determines union is the capacity of tho 
bodies present equally to diiVuse the force of cohesion, and 
tho more intimate bond of connection. Chemical union is 
of tho same nature, tho ono mingling tho olementa, tho other 
mingling the particles ; the ono determining tbo chemical 
nature, the other determining tho mass of aggregation ; the 
ono cilbcted by tbo force of cohesion, tho other by tho force 
of constitution, ISoth are of tho same nature, and imdcr 
the action of the same laws. 

■ It may be objected to this view that the generalisation 
is too far extended. Bxik wo can hardly err on this side, 
[Vhe present state of pliilosopliy seems to demand gcncrali- 
KatioH, — tho grouping together of tho heretofore isolated 
action of nature. Nature has boon too much paroelled out, 
— too mueh separated into artificial dcpartmcnta. There 
liavo been too many tribunals sot up, each with its own 
code of laws. Such divisions aro not characteristic of 
tho simplicity of ti'uth ; but ha\'e been made from the 
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necessity of tlio caac. !i'l»oro is an error in the tlicory 
ivliicli relates to goiioral principles. Gravitation cannot bo 
bronght doivn to the pavticnlars ; it will not apply to tho 
minute. It has to bo added to, ov taken from ; it has to bo 
modiricd for every claas of piienomona, 'L'lnis have vig grav- 
itation, attraction, cloctivo attraction, capillary attraction, 
attraction of coliosion, attraction dynamic, attraction statical, 
attraction between elements of ouo kind, attraction be- 
tween masses of different kinds, and so on, almost without 
end ; and in place of science givinj; method to the mind, 
clearness and distinctness to thonght, the intellect is embar- 
rassed in its attempts to assign to nature the modienm of 
order \vhich the theory itsolf may have in minds of tho 
greatest Btrongth. 



I ..Google 



cuAi':i:>;u xv. 



'I'lii! third law of motion is usually expressed in tlseso 
wovds : " Action and reaction avo equal, and in contrary 
directions ; tliat is, equal and coutraiy cliaiigoa arc pro- 
duced on bodies which mutually act on each other." 

Sir Jsaac Newton KComed to consider the equality o? 
action and reaction in the light of an axiom deduced from 
the relation of ideas, rather tlian an idea induced from 
the ohscrvcd relations of tilings, -— to be bcliovcd by a 
law of the m'md rathcv than from observation of phenomena. 
l''roin this ]a\¥ of the mind, " he presumed, because tho ami 
attracted tho planets, those also attracted the sun ; and lio 
is at much pains to point out to astronomors, the phenomena 
by which this may l»o proved when tho art of observation 
shall bo sufticiontly perfected," Hut Mr. llobison, in his 
lillomcnls of Mechanical I'hiiosopby, considers tliis doubt- 
ful, ami says that, because a magnet causes the iron to 
approach toivards it, it docs not appcav that fi'om a law of 
tlic mind wo arc led to the belief tliat iron also attracts tho 
jnagncfc. lie therefore states it as a fact with I'cspcet to 
all bodies " 011 which wo can maho experiment or observa- 
tion fit for deciding the qncstion." JMaclanrin docs not 
consider it as dcrtuciblo a priori from abstract eonsidcra- 
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tioiia, but tliiiiku of it as the oft'cet of an nrhitrary arrange- 
iftont. Mr. Stewart says that it is " more safe and tnovo 
lo;;icnl to consider it as an oxpcvimontal Irnlh, ivithout vcn- 
t\n'it!i; to decide on cither side of the qneslion." 'I'hc origin 
of the idea \vc trace, hoivovor, neither to the relations of 
ideas, nor to the rchilions of things, but to (ho action of the 
InunaTi body iu tUo exertion of ifs muscular power. ^Vhcn 
we attempt to move a heavy mass, there is a feeling as if it 
ivitlistood the streiij^tli, reacting as it were against the oftbrt 
put forth. This is probably tho origin of t!»o idea, and it 
.serves in almost ovcry treatise on tJic subject as an illustra- 
tion of t!\o law. 

'.rhe obsorvert facts -wbich give snpport to tho law are all 
such as manifest tho contianod action of tlio same force, 
ivitli its induced motion changed in direction ; — as in 
tho impingement of billiard balls; — in the resistance of 
water to the motion of a ship;-— in the counterpoise of 
two heavy bodies, where one descends with the same (juan- 
tity of motion ivitJi which tho other ascends;' — -in tho 
vibration of the pendulum, tho rise being ccjual to the 
fall ; — in the rebound of a bidl in proportion to tho 
strength of tho impulse given. '.Iho law, Ihorcforo, as it 
stands, atlirms with some obscurity the docti'ino of the indc- 
l»endcnfc existence of force, of its transfer to oUiev bodies in 
whole or in part, and of the change of direction often in- 
duced if it continue in tho same body. Ii\ tiiis point of view 
tho laiv stands, as has been said, as the basis of meclianical 
philosophy, and rightly understood expresses a uni^'orsal law 
which applies to all motion in tho universe ; -■-" Action pro- 
ceeds from force, reaction proceeds from tho same force, 
'i'ho result of any degree of force is continued action. It 
may ho divided, giving two bodies equal and contrary action, 
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or it may contiuHO in the same body acfcin;; in a contrary 
direction. Tlie action of force is uniform ; ita transfer and 
lino of (Ureetion contingent. 

'A'licro is an nnintolHgibility in the doctrino of reaction m 
usually explained. It is \'ery dillicult of statement in con- 
formity witli tlio present theories of molion and llic cnusos of 
motion. Wo turn to a pliilosoijtucal treatise of rather ancient 
date, and find tlioso instances {;ivon : " When a man strikes 
one hand a^^aiust tlio other, the hlow ia felt ctinatly by both 
hands ; if you striito a glass bottle with a steel hammer, or 
the hammer with tlie bottlo, in eitlier cnso the bottle will bo 
broken if tlio blow bo sultieient ; if a stone be tied to a horse 
by moans of a rope, the hoi'so in dragging the stouo will 
exert a degree of force equal to the resistance of the stone, 
for the roj)o will equally pidl the horse toward the stone, 
and the stone toward the hoi'sc." Ihit then, the error was 
too palpable, and the writer destroys the law at once, 
adding, " and in fact the stone will not follow the liorso, 
unless the power of the horso bo greater than the power of 
tiie stone." Indeed, there coidd be no motion under the 
law as usually stated, for all action woidd bo met with equal 
resistance. It is ho\YCver sou\ctimes stated in such a man- 
ner as to give the idea that force is incroasod by being com- 
municated. Dr. Arnott, in bis I'llements of i'liy.sics, says, 
" \Yhon any elastic body, as a billiard ball, strikes another 
larger than itself and rebounds, it gives to that other, not 
only all the motion which it originally possessed, but an ad- 
ditional quantity, equal to that with which it recoils, owing 
to the equal action in both directions of the repulsion ox 
spring which causes the recoil. When the dilferenco of 
mo between tlio bodies is very great, the returning velocity 
of the smaller is nearly as gt'cat as its advancing motion was, 
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tiiul it gi\r'> 1 inomcutuiii to tlio body stviick, nearly doviblo 
of M)nt 16 ongmnllj il'^elf pos-scsscd. 'I'his ])licnoinciioii 
constitutes tlio ptundoMCil case of an effect being grcEitcr 
tlifm its c'^^^'^c " 'I !n.s(- statements must always lio undcv- 
stootl 111 cotifoimity witli flio in-inciplc, tliat every dcjjrcc of 
foico f,ncs its defitiito nniouiit of motion, though tho quan- 
tity of motun im^ ni'jwti different from acting on dillcront 
qmntitiLS of nnttoi 

\Vc \\i\], hf>«o\u, «tito tho (loctniic of resistance in tho 
words of Prof. JJanioll, w}io is distinguished for accuracy in 
tho enxniciation of his opinions. Ho says, "In lifting a Uimp 
of iron or lead wo are conscious of opposition, and consc- 
((uont exertion." Of course ; for the apphcation of strength 
aninial force is always attended by cftbrt, hy exertion ; tho 
effort is nob because tho iron or lead resists, but hceanse to 
raise it requires tho application of force for its rotation at 
the higher level. Ite contiunos, — " In drawing a bow, wo 
feel an opposing resistance which wo denominate elasticity, 
a gradually increasing opposition whicli our utmost forco 
may not ho ablo to ovoreomc." . . . " If tho opposition bo sud- 
denly withdrawn and the how bo allowed to act, on its 
return the arrow will have a projectile force communicated 
to it." All tbis is true. 'I.I1C muscles of the ann hy force 
separate tlie atoms composing the one side of the how, and 
press together the atoms on tho other side of tho how. 
AYlien the action of tho muscles ceases, the atoms of the bow 
return to their normal position, and tho forco that disturhod 
thom is communicated to tho arrow, wbicK rushes forward, 
gradually imparting its forco to tho air, till exhausted it falls 
to the ground. Hci'o thoi-o is no reaction wliatcver. ]lut 
wo find in this instance a beautiful analogy between tho 
action of the how and of tho hont arm, in the will to 
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stmiglitcii tlio avni, and in tho ivill of nature to afraiglitcn 
the bow. 

'I'lio idea of vcaetioii, as ivo have said, undoubtedly caiuo 
from tiio idea of resistance ii\ tho cxcvtiou of muscular force. 
"Wo cannot with the hand move a body without feeling what 
is called reaction ; and prob.ibly the heat instnneo that can 
bo given ia tho result of tho action of standing in one boat 
and pushing oft" another boat, in which case resistance is felt, 
and tho rcnetiou gives the oonti'ary c(i«al backwai'd motion. 
J!ut it is most readily explained. The action of tho body in 
this case is like that of a bent spring with one end in each boat, 
and of course it acts eijunlly on both in opposite directions. 

'L'hc author just referred to ashs tliis question, the true 
solution of whieh more f«Hy explains tho action of the spring, 
though liis answer is obscwre : " Is a spring stretched by 
tho sum of tho forces of the two arms, or by one oniy ? " 
'i'his is liis rejjly : " Tiot one end of tho spring be attached 
to a fixed support, and it will bo found that the same cftbrt 
of one arm, or ono weight, will stretch it to tho san)c amount 
as before ; the force of tho other arm or other weight oidy 
measured the resistance, — tho amount of reaction, which 
necessarily accompanies tho action, and which is now borne 
by the sup])ort." Wc reply, there is no reaction whatever ; 
tho needed force, whether from weight, fron\ one arm, or 
fi-om two arms, is supplied. A given degree, a measurable, 
(Ictcrmiuatc quantity of forco must he applied wlionovor and 
liowovcr the spring be bent ; but this force must be either 
applied to both ends, or ono end must bo secured and all tho 
forco applied to the other end. 'I'hcsc are the conditions 
on wliich the spring is bent, or on which the force is applied 
to tho atoms of the spring ; without these conditions, if forco 
be applied it will move the spring upward, down«'ard, or 
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sidoivisc, ns a whole. )fcro "resistance" is the condition 
on ivhich the sprhig can bo bent. '.L'Jio strings of tho liarp 
on the applicatio)! of force can bo moved wiihovit being 
sti'ung wpon tl»o instrument, but thoir melody of vibrntion 
coinos from their tension. Tho arm not " resisted " at the 
shoulder could move no ivcight. 

It is said that tlio I)low of a. liammer on an anvil isnccom- 
panicd by reaction. We answer, -—A part of the foiw which 
gives tlie blow is not transferred, but relifts tho hammer, 
and, if tho blow be unskilfully given, wii! declare its presence 
by a sharp vibration in the hand which liolda it ; a part is 
transferred (o the anvil which vHjratcs tho anvil, and tho 
force spreading in all directions vibrates tho aiv with a 
ringing somwl. liCt, however, the blow of the hauiiner fall 
upon heated iron, then tho hammer is not reliftcd, and 
the forco is mainly transferred to the iron, a small ]>ortion 
only escaping, giving a heavy vibration to the air. A jnost 
striking Jlhiatration of the distinction hotwcon absorbed 
foj-co and transforrod force is this : ■— If a string be pulled with 
great force and it breaks, " reaction " will cause him who 
jnUIs it to fall, — the unused force returns; let him draw 
wire thrangli a -wiro plato, expending tho same force,— when 
tJio end slips through tho plate, ho will feol i\o reaction, no 
shock, bnt will stand firm, because tho force is safely deposit- 
ed among tlio particles of the extended iron. AVc rcmcmbor 
repeating the experiment with wotidcr at the different 
results,— -tho very results winch might have been adirmed 
without tho test of experiment, had we umlcrstood tho laws 
of force. 

The motion of a steamboat is generally considered as 
dcpondiiig on reaction, '.rhe paddles of the boat strike tlio 
water, by the reaction of which, it is said, the boat is pro- 
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jiollcd. In fact the comnioii statomeiita ivitli I'cgavd io 
reaction and rcsbtaiico iiavo thvown oliaouvity over tlie 
subject. AVo will trace out the action of tho wliccl of tlio 
steamer, in tho lioj)o that wc shall find tho truth, and the 
truth in this one instance will cover the ivholo grovnid. 

It is the force of the steam wSiich by proper mechan- 
ical appliances causes the wheel to revolve. If the wheel 
ttivncd in a vacuuni, alt the force of the steam would bo lost 
for propulsion, exhausting itself in whirling the wheel;' — 'if 
tho paddlea revolved against an immovable body, like a 
lodge of granite, all the force of the stcan) woiild gi^'O pro- 
pulsion to tho boat ; ' — if the wheel rcvolvo in water, a part 
of the force will give a backward motion to tlio water, and 
tho residue wilt givo propnlsion to the boat. In neither 
case docs taction move the boat, but the force of the 
steam ; for tho solid granite stands firm without force or 
motion, and of tho water, neither the portion which is 
unmoved, nor tho portion which moves backward, has the 
least effect in cominuiiicating onward motion to the boat. 
It might as well be said tliat (he water at the bows propels 
tho vessel by its resistance, as that the water at tlio wheel 
docs ; or that the iron track of tho railroad gives prapulston 
to tho locomotive, as that tho Iraclc of tho ivliool in the 
water moves the boat. The force wliich impels tho boat is 
from the expansion of steam, tho water only giving direction 
to the motion of this force. 

'Ihc force of the steam as goneratod is expansive, acting 
in every direction ; it covild be lot off safely through the 
pipes into the air, thus wasting ils strength, or it conld be 
made to act on any part of tho vessel, breaking her into 
pieces. 'L'o be nscful in propelling the boat, it nmst have 
one line of direction given to it. '.I'his direction is relative 
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to tint cavtli. It must, therefore, in pvopiilriioiij liavo refer- 
ence to sojnethinj; external, otlicrwiso ttic " two ends of the 
spring" would act in the ship, giving to its 3>av[s motion in 
opposite (lircetioiis ; to give to tho boat a motion relative 
to tho earth, one ci»d must be acting on raattci' outside of tho 
boat. The action of tho wheel on inimovabio gianito is 
tho sccHving of one end of tho Bpnng, so that its whole 
foi'co may act in giving motion to tlio boat ivith the other 
end ; and, as wo observed, if tho wheel revolved against an 
innnovable body, the whole forco would bo used for proijut- 
sion. Acting against water, so far as the water is moved, 
the forco is lost ; so far as it is unmoved, or resists being put 
in motion, tho force of atcam is of use for propulsion. 
A familiar illustration of this is, that in rowing a boat near 
the shore, if the oar toiiohes tho I'ocks, much more force 
adheres to the boat shooting hor ahead, since none of the 
oarsman's strC3igth is wasted in giving motion to the \vatcr. 

M wo place the hand in water, moving it sloivly, a shght 
resistance will be felt, and the resistance ivill increase in pro- 
portion to the velocity of the motion of the hand. It is said 
that a ball of iron will strike tho water more forcibly than a 
ball of corlc of the same siko, and be more resisted than tho 
cork, though both movo towards tho water ivitli the same vc- 
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ill length moves, with the saino brcozo and propovlioiial 
canvas, witli a inoiticntimi of 200. TIio resistance increas- 
ing With the monicniuin, with the same force in pTOjjortion to 
the massj the long ship under the theory would sail only five 
miles nn hour. I'ractieally, however, the longer the ship 
driven by the siime proportional force, the greater tho 
velocity ; for the short ship with tho niomcntinu 100, loses 
say 10 of her force in moving away tho water from hor 
boii-s, in other words, in opening her path. In the longship, 
moved with the nionicnlitin 200, it still requires only 10 
for this purpose, leaving 190 for propulsion, which is 05 
for each of the two halves. The long ship has then yV more 
force for propulsion. I'iic per ccntagc of force needed to 
open tho path is less in tho long than in the short ship. 

'I'hus resistance to tho vessel is not lucasurcd by the 
"momontum" of the vessel, but by the cpiantity of ivaterto 
be mo^'cd, and the speed with wliieh it is moved away. 
'I'hcre is, in fact, no resistance in Hie case whatever ; hut a 
part of tho force of propulsion is necessarily used in reiuovlng 
the water fmm the track. Tliero arc other cireuiustanccs 
which modify this loss of force, for instance, tho shape of the 
bows. If the shape be such that the water is elevated, 
there is a loss of force to raise this v,-atcr above the level. 
^1,'iie form of the shi]) sbonhl ])0 such as to establish a current 
from (he bows, to the stern. Tho less the surface of the 
water is disturbed, the better, i'or this reason a body 
wholly submerged is less impeded ; for the path opened is 
but a circulation of tho water from one end to the other of 
tho nxoving body. K the body plunged be suddenly moved 
under water, before tho current is established, the water 
will rise in a wave at the surface ; after the current is es- 
tablished by the moving body, the surface is at rest. When 
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die wavo was raised, forco was siipplicd for its higher 
rotation. 

It ajjpcars, therefore, tliat what is called tlio resistance of 
tho ^¥atcr to the propeUcd vessel, coines not from reaction, 
but is tho loss of force in cstablisliinj; the eurrcnb l)y wliich 
licr path is opened. 

In tUo preceding statcmcnta tlio word monienttim has been 
employed in conformity to the usual language. As was before 
observed, momentum is tho degree of force present in action 
upon the body. It is the energy or strcngtli of tlio motion. 
'I'hc intensity of force is measurable by tlio velocity it im- 
parts ; but as it recpiircs niore or less force according to tho 
weight of the body, to move a body -with a given velocity, in 
ascertaining the present force of a body in motion, its weight 
is one of the elements of the calculation. jSIomontiim is 
therefore the force ivhieh n\oves the body, — that wiiich it 
will impart when tlie motion is arrested. It is simply force, 
and tho use of the word momentum is not only unnecessary, 
but it leads to a concision of idea."} to employ im words to 
express the same thing. 

If a bullet be discharged from a gun tlii-ougli a door left 
ajar, it will pass through the wood, giving no motion to the 
door. In gumioi^y, camion balls, to do tho most injury 
to a ship, should be fired with small cliavges of powder, that 
they may not pass through the ship, but transfer their mo- 
tion to it. In these cases, reaction Incrensos with the les- 
sening of the force, that is, if the ball pass through tho ship, 
it docs not injure the ship so much as if tho motion of tho 
ball be arrested, and its .force transferred to the ivork of 
destruction. The gun recoils proportionally to tho force 
of the explosion, of course ; for explosive mixtures act in 
all directions. 
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Tho tlocli-ino of vis iucrtisc asks a passing comment. It 
is inferred from tlio fivst law of motion. Uodies in motion 
continue in motion from ttio inertiii of motion ; bodies at 
rest continue at vest fi'om tho inertia of rest ; tliat is, bodies 
wliicli movo do niovo, bodies at i-cst avo at rest, 'litis is ail. 
The idea receives some coloi-lng fronx two facts. I'irst, tho 
progressive niofion of a mass is in proportion to tlie force 
impressed, and takes place after a lapse of tiTno from tho 
application of tlio force to iiic atoms of the hoAy. '.I'licro 
is needed lime for the force to bo diffused among the atoms 
by atomic motion, before consentaneous or progressive molion 
is induced. Tlic other fact is, tliat in most cases force in 
iiiovin" bodies is gradually applied. 

'I'hus a bnllot slowly moving ■will ciitcv tho water ; for 
it can, as it ivcre, await the tardy rcsolufion of tho atoms of 
the water into jivogressivc motion to give it place. Jlut tUc 
bullet from the gun is deflected. Its velocity i^ so great 
that it cannot transfer ils force ; for it would tako many 
instants for the particles of water, moving v 1th tho snmo 
velocity with tho bullet, to travel throngh then- atomic space, 
and to induce ]n'ogi'essivo motion of tho column necessary 
to bo moved for tho passage of the bidlet throngh tho water. 

AVo now come to tho consideration of another i)rinciplo, 
which is often roforrcd to in the explanation of the mechan- 
ical powers. It is this : The loss of time is the gain of 
power ; and, conversely, tho gain of time is the loss of 
power. It is not so. ^Vliy, let us ask, arc thci'o in tho 
text-books of moehanical philosophy assertions like this ; 
" 'Time is an important clement of force " ? 'I'lmo has no 
rofcrenco whatever to foreo, or to motion conaetjuent upon the 
force applied. It can neither make nor destroy it. It can- 
not increase or dimimsh it. A. body with the same present 
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foreo moves on forovcr iviUi an unifonn motion. !l.'inio can 
novel' change the quanlity, ([uality, or direction of motion. 
. Time is a succession of events. It is itself measured by 
motion, — by tlic harmonic Hiiiforni motion of tho splicrcg. 
IVc measure motion by time indirectly ; its dii-cct ntcasuro 
is tho motion of tho earth. Velocity is more conveniently 
applied to the artificial divisions of time than to the earth's 
motion. It is, pcrliajis, better for common [jurposcs to say 
that a body moves so many niiles an hour, than to say tiiat 
it moi'cs so many miles while tho earth moves ono twonty- 
fotu'tii of a rotation, 

]i«t tho doctrine like that of action and reaction, and of 
vis inortito, has a coloring or semblance of truth from tho 
misconception of facts. In two ways tlmo has an apparent 
connection with force, as if time inereasctl force. 

Ji'irst ; animal or mnsculai' force is produced by the ani- 
nial by a snceession of eftbrts. It is generated gradually, 
and of course imparted gradually. By time tho force is 
increased or added to. '.I'imc does not increase jioivor ; but 
tho mnseles can supply more forae in five minutes than in 
one minute. Tills idea is fully ilUistralcd by tho inclinotl 
plane, A horse, in dragging up a weight, has more time 
to pi-oduco the required forco ; but when the load is ele- 
vated, Jio has imparted just that degree of force which is 
rocpiirod to elevate the weight directly, at oneo, verti- 
cally, '.riic mechanical power of the inclined plane enables 
the animal to do by successive efforts wiiat ho could 
3iot do atonco. He caimot raise the weight at once ; he 
can raise the weight in tiuje. A man cannot raise by ono 
cftbrt a ton of iron ten feet, but in an hour he can furnish 
the necessary force. Yet, it is said in a work on mechanics, 
that it rccinires no force to move a Ijody hoi'iKontally, full 
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force' to raise it vertically, and that t!io gain of power by the 
inclined iilaiic is in simple projiortion to tlie angle it makes 
iS'ith the horizon '. 

Secondly ; anoElici" misconception is of the law of falling 
bodies. The force of the falling stone, it is commonly said, 
increases according to the sqnaro of the time of descent. 
'J)hc force increases not with time, but with every line of 
descent. 'I'he descending; body has, proportionally to its 
change of level, an increase of spare force,—- of force 
nnnscd at its lower level of rotallon. '.I'Uc (greater the full, 
the more tho force. 

'L'hus in tho v5C of animal strength, and in the use of tho 
force of t!\c falling body there is, not an increase of tbrco by 
time, but an addition to the force received in tin\c. A 
man's power of labor is njonsni-cd by time ; tho power of tlio 
waterfall is measured by the space of descent, or for con- 
venience' sake, by Iho time it falls, as the space and time 
arc in ono fixed ratio. 

So simple is the explanation of the philosophy of the mc- 
chanieal j>o«'ors, that it is surprising that the subject shonld 
over havo been deemed intricate, or that so much mathe- 
mnticai labor shonld have been wasted on it. 'I'o vnidoi-- 
stand tho lever,' — and, that understood, all the mechanical 
powers are inidcrstood, — does not i'cc|Utro one to read 
Archimedes' mattieinatieal demonstration, nor to understand 
the laws of sialics, dynamics, virtual velocities, etpiiiibriuni 
of forces, and centres of gravity. Ticfc one idea be present 
to the mind, and there can bo no misconception. 'I'he force 
applied is the force that produces tho result ; time will not 
increase or diminish it, it ever remains of one intensity, 
capable of producing only ono degree of n\otion ; no lapse of 
time, no mechanical skill can change its nature or degree. 
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IVHUout i-cforonco to loss by friction, it may 1)C traiisfoii'od 
tliTOiigli p'lllcys, levers, wlioela, o\'ci- inclined pianos, ivtten- 
cvcr needed, and wlicii used at the end of the lino tliere is 
only, and just that force which was at first api>licd. It lyill 
there produce the same quantity of motion, neither nioro 
nor less, that its direct use would have produced without tlio 
intorvontlon of the ntachincvy. If by tho lover ono pound 
raises two pounds, the two poiuids wiil he moved half as fur ; 
if a mail raiso a ton by means of a puHy, ho has put forth 
just the strength that would bo required to raise a ton to 
flio same height witJiOHt tiic pully. His gain has been tho 
time given for him to produce and apply the strength. Ho 
could not lift a cord of wood at ouco, but log by log he can 
supply tho needed force for ))i!ing it. If a smalloi* wheel 
turn a larger one more sloivly, thoro is still tho sanio degree 
of motion in tho larger wheel that was in tho smaller ; if 
the larger turn the smaller, there is still tho same motion 
in proportion to the quantity of matter. It requires one 
degree of force to give ono quantity of motion ; a given 
force can do neither more nor leas. Tbia is rigorously true, 
and, if it bo \niderstood, there is no mystery about the me- 
chanical powers. If tJicro bo a gain of power, it is distinctly 
traceable to the gradual addition of force from animal 
strength, or from the increasing force of a descending body. 
'I'he measurement of these by time has led to tho confusion 
thrown over tho subject by the doctrine, that tJicre is a gain 
or loss of force by time. It ivill not bo necessary to remark 
particularly on either clas.? of tho mechanical power.?, as it 
is believed tJiat this general statement covers the whoio 
gMund. 

'fhe next supposed force to bo oxamined is the centrifugal 
force, or the tendency of bodies moving in curved lines to 
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assume a rcctilincav motion. It is not exactly a force, 
but a tomlciiey of tho niovitig mass not to move as it is 
moviiig. Ill tho I'Idlosojihi/ of the Inductive Sciences, wo 
fiiid tho following explanation of tho ehavacter of this ten- 
dency. " 'I'lie ccntvifiigal force is not a distinct force in a 
strict sense, b»it only a certain result of the first law of 
motion, and is measured by the jiortion of ccntri|)Ctal forco 
which counteracts it," " 'I'lic projoelilo force is a hypo- 
thotieal iinpulac, winch may at some former period havo 
caused the motion to begin, while tho central force, gravita- 
tion, is an actual force which must act coutimiously, and 
dining the whole time of molion, in order that (he motion 
may go on in the curve." 

If we had no doubt of the truth of the theories whicli 
relate to the jnotiona of the spheres, the rending of such 
passages woidd suggest a dotibt. There is an obscurity of 
language, not arising from the waTit of power of expression, 
for no man has more power than this author, but because 
there was no distinct idea to be convoyed. In tho first place, 
centrifugal foi-ee is not a force, but a result ; not being a 
force, it is still measured by another force. Then, the 
force which is not a forco is counteracted, — of course it is 
destroyed, it no longer acts. This verbal eritieisn) is niado 
only for the argument, that doctrines feebly expressed by 
strong men are of doubtful soiurdncss. 

It is supposed that the moon, for instance, received 
originally an impulse of motion in a straight lino, but that, 
being constantly acted upon by the attraction of tho earth, 
the straight lino ia changed into tho curve ; that the attrac- 
tion of tho earth which would, unchecked, draw hev to tlio 
earth, is opposed by tho centrifugal force ; and that the 
moon, under tho iufluciico of forces acting in opposite dirce- 



I ..Google 



MKOUAiSrOAL t'jrET.OKOP]l\'. 70 

fions, is hold in lior orbitHal coui'sc, tho original impulse 
giving tlic motion. 

IJut as tho moon's orbit is elliptical, she is at tiinoa com- 
paratively noavov to, and at times fnrthev from the earth. 
Of course, in Uor changing distance, tho centripetal and 
contiiftigal forces vary in intonaity. 'L'ho earth attracts 
less or more accoi'ding to distance, and the counteracting 
forco changes relatively ; they pvcservo an c(iHilibriuni. It 
cannot bo that tho forco of oppoation can remain \Yith an 
equal intensity, whon tho forco of attraction is contiiuially 
changing. Thoy tliereforo cUango proportionally, or to the 
same degree, so that tho moon is guided in lior course by 
forces perfectly clastic. 

Again ; if tho original impnlse of the moon's motion were 
an impulse of rectilinear motion, and tho attraction of tho 
earth acts in a straight lino to her centre, how from two 
forces acting at right angles is tho cnrvod Hno of motion 
pi-oduccd ? An original impulse in a straight lino of dii-cct- 
ion, and another impulse in a straight line at a right nnglo 
with it, ivould ever and invariably produce a straight lino of 
motion at the mean distance, half way hctwoon tho two 
lines of impulse. If gi'a\'itation changed tlio moon's motion, 
tho moon must necessarily ho brought thereby nearer to tho 
onrth ; if it act on the moon impelled in a straight lino, tho 
rosnlting motion would be a mean direction, lessening the 
distance between the attracting and attracted bodies. Mvon 
Ncivton, at an early period of his specnlations, lield tho 
opinion that the result of attraction on the impelling forco 
would bo motion in a kind of spiral. 

'.rhat the orbit of the moon could be formed by the action 
of the two forces, has been nominally proved from the case 
of tho cannon ball, ivhioh under the joint force of projection 
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and gravitation describes a curve. ]!ut tho case is not an 
analogous one. 'I'ho curve of tlio projectile is occasioned 
by tlio rcgnlar decrease of the force of inipiilso. lis onward 
force )9 gradually lost by tlic rcsistaiico of the atmo3|)lierc, 
and thus "gravitation" brings the yatb described into a 
curve. In order for the attraction of the earth to give a curve 
to the orbit of the moon, the inipiilse of the moon miist bo 
gradually lessoned by some retarding n^cdium, as the can- 
non ball is retarded by its passage throngh the air, wbcnco 
would result a spiral cuvvo gradually bringing the moon to 
tho cavtli. Bwt never can the impulse in two directions of 
tlio rectilinear force rcsnlt in a curve. Vfc knoiv that the re- 
verse is mathoniatically proved, and that the nature of tlic 
curve wliicb would bo produced is pointed out ; but the 
matUcmatica by wliieli this is done, is of a pcculiav kind 
introduced with tbe theory of gravitation, being roiulored 
necessary by tins theory. 

IVhat givc-t the elliptical form of orbit, — for insfanco, of 
the comet, which, at one time widens its patli in the bmad 
oxpanHO of almost limitless space, and then narrowing its 
orbit, almost bnishcs in its rapid flight tho face of tbe sun ? 
It is not force of motion ; for tliia force acts according to the 
law of tho area described in every part of the orbit. It is 
not attraction ; for attraction merely holds its own, increas- 
ing or diminisbing according to distance. Nor yet is it 
centrifugal force ; for this follows, and is measured by, gravi- 
tation. It is not space ; for tboro is no grooved channel or 
marked track tlu-oiigh its vastnoss. A sphere, perfectly a 
sphere, each atom of ivbich was moved witli eciual force, 
would necessarily describe a eirclo. i^lay it not be that it 
is the shape of the revolving body ; that, if the shape of this 
world, for instance, is given, Hie ellipsis of her orbit nury be 
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dctoi'mincd ; and that, if wo knew tlio foriii of tlio comet, 
its ccccnti'ieity of path could bo iiiidecsfood. 

'I'ho idea of centrifugal fovco grows out of a trivial, and 
porhn|)g misunderstood fact, and is invariably illustrated by 
it. Wo allude, of course, to tho action of the sling. From 
the hand proceeds the impulse of motion, tho string is tlio 
gravitating power, or that whicli by its tension measures this 
power, and tlio tendency of tlio stone, t« fly off in a tungont 
rcpi'csonts tUo centrifugal force. It is unquestionably the 
tendency of the stone to cseapo, and, if tho string woro to 
break or bo lot slip, the stone would no longer continue to 
move in the same circle, but the impressed force would give 
it another direction of motion. 'I'lio force of motion of tho 
stono is fi'O'/n the centi'c. 'there is notliing to give tho 
stone its circular movement except t!\o string ; that broken, 
the impressed force gives tho stono a curved motion in 
another direction. 

So far is this action from being analogous to tho n\otion 
of the moouj that it is the very rcvoi'so. The atone froin 
the sling receives force acting in a line of direction from the 
centre ; the moon receives from the centre of her orbit an 
impulse toward the centre. It is not a fortunate illustra- 
tion to compare the eftcct of an impulse away from the 
centre, to an impulse aftcoting the body and drawing it 
toward the centre. 

Centrifugal force, too, is often illustrated by the neces- 
sity which a man finds in rutming round a small circle, of 
leaning inwards toivard the centre, "to counteract tho cen- 
trifugal force." !l!ut we will quote a contrary opinion : 
" I-ot any man move in a circular or elliptical lino described 
or marked out to him, and ho will find no tendency in him- 
self either to the centre or froni tlic centre. Tf ho attempt 
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tlio motion ivitli {;rcat velocity, or if lie do it carelessly and 
inattentively, ho may go out of tlio line citlior from tlio 
centre or towards it ; but this is to i>o ascvilicd nob to tlio 
nature of tho moUon but to our infirmity, or pcrliaja to tlio 
animal fomi, winch is more fitted for (irogrcssivo motion in 
a right lino than for any kind of curvilinear motion." 
'Jl'lnis says Ijord Monhodtio, and proves tiiat philosophers are 
not agreed among tliomsclves concerning a fact, wliich in 
asBumod as a " standard e^iample " of their mechanical 
doetrinea. Ilowovcr it may he with a man running roinid 
in a circle, we fool quite sure that a revolving sphere would 
not have to lean inward to prevent ita falling outivard, or to 
lean outward to prevent its falling inwai-d. 

TliG action, of the governor of the steam engine has also 
heen referred to, in order to illustrate centrifugal force. 
'J'he two hcftvy balls are so suspended that when not revolv- 
ing tlioy hang motionless ; endued with activity in pi'opor- 
tion to tho velocity of their revolution, they rise, and descriho 
wider and wider revolutions. 'L'ho reason of tho rise of 
these halls is the force comnmnicatcd to them, (mm which 
tlioy tako a higher level of rotation, ---a beautiful illustra- 
tion of tho views wo present, 't'hey could not tJms i-iso 
from tho action of centrifugal force, wore there any centrifu- 
gal foi-ce ; it impels, if it impel at all, from the centre. 

How could the moon he held in her orbit, if centrifugal 
force acted in any other direction than the direction oppo- 
site to the force of gravitation, whieii is to co\mtcract it? 

The hreaking of the too siviftly revolving wheel is another 
illustration of the centrifugal force, whicli keeps tho planets 
from responding to the attraction of gravitation. IJut tho 
application of force to turn the wheel is at tho centre, as 
in tho siing it is from ivithin outward. !l"ho central part 
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of tlio wlicol ns truly Impoh {ho oircuinfumiit'o, as tlio 
crank nr rod iiiiijcls the contro, 't'hci'O is moiioii inrtuccd 
Hiidor tho condition, that the cohesion of all iho matter 
in motion will hear the force applied at the centre. If too 
mucli force bo applied, the crank or Iho iv)\cel may break. 
Tlie gi'catosE force reijnivcd is at the circumference, while 
the fovco is applied at the point the furthest removed. 
Kvory practical incchnnic knows that there is no dan{;or of 
a wliool's breaking if the iiiotivo force bo applied to tho cir- 
eumferenec. JJiit nature docs not so iiiiskilfully apply her 
motive i>owcr. Her force for revolution or rotation is 
present \vith every atom. It is equally diffused through the 
whole mass, ovory particle retaining its proportional niottvo 
pon-cr accoitling to tho orbit to bo described ; each moves 
of itself, and from its own energy ; one doc3 not push, draw, 
or impel another, 'flicre is for this reason harmony of 
motion, all things moving according to the order of nature. 
Those who require a balance of forces, conflicting powers, — 
those who compare tho motion of tho aphcrcs to a aehool- 
boy'a sling, or to tho dizzying wJiirl of a man rnnning in a 
Mrcle, seem to degrade the mechanism of the heavens below 
tho rosults of human ingenuity. 

Wo pass from centrifugal forco to its opposite, centripetal 
OF attractive force, — gravitation. 

It may bo well to give an outline of tho theory as i)re- 
scntcd by those who have tho most unshaken confideiieo in 
lis trnth. Tlio theory of univoi-sal gravitation asserts, 
that the force, by which the different planets arc attracted 
to ttio sun, is in the inverse proportion of the squares of 
their distances, aiK\ that tho force, by which tho same planet 
is attracted to the snn in different parts of its orbit, is also 
in the inverse proportion of tho sqviarcs of its distances ; 
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tliat tho cftrtli also cxcrfa a similar force on tlio moon, and 
tlint this forco is identical ivitti tlio foi-eo of gi"avity ; that 
bodies tliiis act oji other bodies besides tliosc wbich rovolvo 
round tltcm ; that t!ni3 tlic sun cxcrta such a force on the 
moon, and tliat the planets exert such forces on one anotlier ; 
ftu'ther, that this force, tlms generally exerted by tho entire 
masses of the swn, earth, and planet's, vesulfs from tbo 
attraction of each pavtiolo of these masses, which attraction 
follows the above law, and belongs to all matter alike ; also, 
that this attraction, operaling on the " hypothetical impnlso 
of motion," gives ita spheroidal form to tho earth, and their 
elliptical form to tho orbits of the heavenly bodies. 

'J'his theory has been a settled doctrine of philosopliy for 
nearly two centuries, and generally, if not nnivcrsally, it is 
deemed an ostaWishod truth. It seems to havo passed away 
from examination, to bo laid aside as that which need never 
again be the subject of thought. It is spoken of as ascer- 
tained ; and its discovery and extended application arc 
considered as among tho most glorious achievements of tl\e 
human intellect. 

'I'lnis it will bo almost impossible, even if the theory bo 
net founded in trnth, to bring the minds of men to it-s re- 
examination. It lias become associated with the universe 
from its most enlarged to ita mOst attenuated parts. '.I'lie 
attempt to substitute other theories, to assign other la^vs of 
force, may be doomed tlic wandering of an erratic mind, 
or the prosnmption of an ignorant man. But tins research 
was commenced without reference to the pubiic, and the 
results are presented, not presamptuonsly, but firmly,' — 'not 
with the belief that we have fully developed the truth, 
that all onr views are sound, that no mistakes arc made, 
but with the conviction that our speculations are founded 



I ..Google 



Ml■:clrA^'^OAT. pjiir,osoi'][V. 81 

upon priiicijdcs tliat fully {Icsori'O attoiilion ami examination. 
Wc appeal to tliosc wito bolicvo tliat tlicre is yet hopo of 
pi-ogross ill philosophy. 

Attraction, aa coming undov liunian observation, is mainly 
believed on consitlcvationa dciivod from tlic fall of bodies to 
tlio cai'Hi> and from tlieir siipjiosod weight ov pressure whon 
at rest. 'J.'big is the foundation of the theory. All olso 
is assumption or deduction. The mutual attraction of 
difforcnt masses at the surface of the earth is supposed to 
corroborate the theory ; but fram the utter impossibility of 
monsurlug this slight action, or even of ascertaining if thoro 
bo any, the mutual attraction of the minor masses being 
ovenvhelmcd by the immense comparative mass of the 
earth, it is a proof about as conelusivo as that tlio smi 
sliines becauso a fixed star twinldcs. 'I'hc doctrine of at- 
traction, tltcreforc, rests on the observed fact that bodies 
unsupported fall to the earth. 

If, thoroforo, the descent of a body can bo fully accounted 
for by tho spare force of rotation at a lower level, and its 
weight or pressure by tho fact that it requires forco to lift 
it up to a higher level, tho reason on which the theory of 
gravitation stands is taken away. 

't'ho law of gravitation is not needed for the motion of tlio 
licavenly bodies. !l'hero is more ti'uth to nature, thoro is 
more simplicity and beauty in tho idea that the forco of the 
revolving body is within itself; that its curvilinear motion is 
its natural motion ; that it goes round in its orbit ivithout 
needing the guidance and direction of central and tangential 
forces J that it can bo trusted to the unerring energy 
imparted to it from the beginning. It needs no groat pre- 
sumption thus to aflirni ; for by ancient philosophers, and 
in more recent times by Co])ernicu3, Cialilco, Kepler, Wos 
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Cavtc3, it waa bolicvcA that civcHlav motioiv was tlie natHval 
motion. 

Nov 18 the general acceptation of a tlicory any proof that 
it is tlie most ti-uo and most povfccfc tlicory that will ever 3)0 
pvcscnted. How long endured the Ptolemaic system of 
astronomy, how fii'm was the belief of men in ita ti'iith ! 
'L'hose who first questioned it, those who first doubted that 
the snn revolved aronnd the earth, wore not. only deemed 
nnaound in reason, but " diabolical and wicked," and were 
visited by the vengeance of the oftbnded good sense of 
man. 3'lxtonsivo, too, was the sway of the theory of Dos 
Cartes, winch preceded tho theory of gravilation. 'I'he 
Cartesian hypothesis, re()resenting tho worlds as moved by 
vortices of revolving matter, and the fall of bodies as 
motion downward by the decrease of the rango of the vor- 
tex, they sinking to the lowest part of the whirlpool, held 
for a whilo an oven contest with tho hypothesis of gravita- 
tion, the battle hanging long with doubtful issuo. Uecauso 
it was decided at last hi favor of tho Newtonian school, is it 
to be supposed that the speculations of that truly great man, 
3)c8 Cartes, were nil absurd, that he aftirmcd no trntli, 
that Newton was right in all his allirmations, and that 
the power of ])rogrcss expired ivith his life ? How great 
wore Galileo, Copornions, I'leibnitu, licpler ! Yet who takes 
for granted all that they asserted V To see truth fitfully, 
through tho obscurity of error, is the most that can be hoped 
for by any man, or can be claimed as the result of tho labors 
of any philosopher. 

Among tho minds disthignishcd as far surpassing in 
power tho range of ordinary intellects, was that of Kepler. 
He seemed, on some points at least, to have an intuitivo pcr- 
ecpfioii of truth, and his discoveries have led to extended 
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pructical results. His dclicrniiTiatioiis of the laws of jiJan- 
etary motion arc, antl iimst cvor continue to bo, tho basis of 
kuo«lc(igc in astrauomy. Yet even lie believed tliat the 
earth \v»s an animal, and many of his other ideas create a 
smile, tliey appear so fanciful and atem-d ; but fancifid 
and absurd bceauso time and furtlier observation liave 
xcfutcd fli^ni. 

It is no evidence of a want of reverence foi- tho 
great, that we believe and assert that no individual is 
witliont error or has attained the whole truth ; that no 
authority, however {jreat, should determine and settle every 
principle in philosophy. " 'I'hcro were giants in those 
days ;" hut bo long as the race of man ccists there will bo 
atrongtli. 

" Why," said a very great man, far back in tlio ages of 
time, " why is it that neither very small nor very large 
bodies go far when ^vc throw them, but in order that this 
may hapiien tlio thing thrown must have a certain propor- 
tion to the agent whicli throws it ? Is it that tho thing 
^¥hich is thrown nuisfc react against the thing which pushes 
it; and that a body so large as not to yield at all, or so 
small as to yield entirely and not to react, produces no 
throw or push?" Should the human mind have rested 
upon philosophy like this ? liy no means. Tho ilicorios of 
philosopliy arc not truth, but monuments set up to mark tho 
progress of man in his search for truth,— -guides in tlie 
path which leads to the truth, Wc shonkl read with rever- 
ence for tho great minds of oldon times, while i-cjoicing in 
the advance which present opinions indicate ; we should 
read present opinions in tho belief that they also will servo 
future generations to mark a continued and accelerated 
progress ; wo should I'cad with respect lor those who have 
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faitlifuUy discliai'gcd their tmsts, and with conMciico that 
those who are yet to do wovk iipou tlic eai'tli, will do it even 
more succcssfiillj', for Iinving the vantage gi'oatid of fonnei- 
atlaiiHuonta, — tho higiicst roach of llie miiHls of tlie greatest 
jnen of ono centtuy fiiniisliing the clomeiit-s of tliought to 
tho succeeding age. 

Those wlio reverence Kcivtoji should show their rovoroneo 
by imitating him in his ninvoaricd and eager search for new 
truth. Ho was not satisfied ivith philosophy as ho found it j 
hut, taking the floating theories of liis time, he employed his 
immense iutollcct in giving thorn system, character, dermite- 
noss, so that his pliilosophy, partaking of the vigor of his 
inind, has so long held doinitiion over tho world. Though 
his name is most intimately associated in the general mind 
with the theory of gravitation, his labor,^ in this depart- 
mcnt nsetl hut a sinatl portion of his energy. Kvcvy sub- 
ject in the vast range of siibjoots to which ho directed 
his attention retains the marks of his strength. Ho is 
often thought of as a mere mathematician, verifying the 
ideas of others. l''av from it. His originality of mind 
ccjuallcd his inathemafical e.xactno!» of conception.- How 
eagerly did ho scixo upon every new truth, ho>/ ready was 
liis mind for progress ! Tho eontomplation of such a chai'- 
aeter shonld prevent us from over remaining satisfied with 
ideas to which the least doubt can bo attaelied. 
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Wi-; pas3 fvom the cxnmination of the voiy minuto ami of 
the far- ox tended, to the common fiicts of our (lail_y observa- 
tion ; gliwlly throwing down tlio tolcscopo and microscope, 
ivc will look -with the naked eye at nuturo in tlio ordinary 
range of vision. 

Were \ic to select one elaas of facts to ilKistratc tho ideas 
\vc present, and to disproi'o the attraction of matter, it 
■womW 1)0 that which relates to oscillatory motion, — tho 
action of tho pendulum and kindred movenrcntg. 

'J.'lic swinj; of a pcndnUnn, increasing in velocity in pro- 
portion to t!ic decrease of tlistaneo from the centre of oscil- 
lation, the force of its motion being measurable by tiro area 
of the cirelo of which it describes a segment, shows that tho 
nature of force is tho same, however its cnergica may 
operate. It brings to the mind tho relative apccd of tho 
planets, increasing as tho diameter of their orbits diminishes. 
Its regtiJar beats mark time with the same precision as 
docs tho harmonic motion of the heavenly bodies. It is, 
therefore, a free, unrestrained movement, showing tho laws 
of force, and had it been rightly nndcrstood, the laws which 
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regulate the planetary iiiovemonts might hsvo boon (listinetly 
infcn'cd from it. " Wo feel," saya JJaiUy, in his Ilistoiy of 
Astmnomy, " that iiatuvo is vciy Biinplo in her operations ; 
tlio positions and motions of tlio planets oftcr at first sight 
tlio appearance of hitricacy, but the principle wlncli impels 
them has a naturahicss and simplicity like tlio character of 
truth;" and this principle has application not only to them, 
hilt to all natural and nnvcstraincd motion, 'rhns in the 
pondidum, its orbit prescribed and a uniform force of impulse 
given, motion ensues, invariable, ciiual, measHVcd by the 
area described. 

A pendulinn boating seconds docs not change as to time 
of vibration with tJic addition or subtraction of weight, nor 
with a stronger or weaker imputso given to it ; the weight of 
tlie mass moved and Uie length of the sweep do not change 
the time, if the aamo length of i-od is retained. 'I'ho force 
of motion is ever in proportion to the mass, and the stronger 
impulse only increases the rango of motion with an increase 
of velocity that gives the ctj^ual time. The impnlso Hfts it 
higher and it falls witii greater rapidity, and the fail hotli 
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equally ? 'I'ho riso is unquestionably a continuation of tho 
Bamo motion tta tlio fall, proving tliat tlic force lias no more 
rofcrenco to a downward than to an upivard attraction. 

Galileo first called attention to the fact tliat in tlio caso 
of a atono swung by a string, tlio titno of its rise was equal 
to tho time of its fall lyithout lofcrcnco to tho path or orbit 
of its riso ; thus pointing to tho truth that oscillation is but 
the transfer and retransfer of tlio force of rotation, and that, 
consequently, tho forco disengaged by tho fall is tho foreo 
wliicli occasions tho riso. 'i'ho forco is produced by the 
descent, and is absorbed by tho ascent ; it is in proportion 
to tlio degree of descent, and is necessary for the same de- 
gree of ascent ; the degree of force is pTOportional to tho 
ohango of lovcl, one mean level being ever preserved in all 
oscillation, 'fhoi-cforo, the cause of oscillation is to bo 
referred to tho moving body and not to tho earth- 

Wo repeat the idea ; tlio forco by which tho oscillating 
body niovo.s is the forco disengaged from rotation by tUo 
deoreaso of tlio level of rotation. It is the \niscon forco by 
■which all tilings move in their diurnal round, for a moment 
becoming visible in tho curve of the pendulum, as tho un- 
seen motes lloating in the air show themselves for an instant 
in passing tlirougli tho beams of tho sun. 

I'Vom the view wo bavo taken it will be perceived, that as 
tho ponduhun preserves one mean level, and as its force of 
descent is, as it were, annihilated by its ascent, it can neither 
eommiinicato force, nor be the soureo of any motive power. 
Wo can also understand tho manner in which the force of 
impulse acts ; it gives the elevation by tho descent fi-om 
which force is produced, rractieally, to continno the oscil- 
lation of tho pendulum, force of impulse, as by the weight of 
the clock, must bo added continually ; for a single impidso of 
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olovatton la soon lost by fiiction, and by the force (akeii to 
movo away tbcaiv from tlic path of the vibratiiij; mass. In ft 
vacHuni and witliout friction, the pciiduliim would coiitinuo 
to act without a renewal of the inipnlso. '.I'o understand 
oscillation, wo should separate in our minds the cause of 
oscillation, — the tratisfov of lolatlvo force to other motion 
and its rcapplioatioii to rotation, — from the impulse whicli 
fii-st elevates the mass to the position from ^Yhich it falls, 
and whicli is only (ho ondition of oscillation. 

This view of the subject takes aivay many of the abstrac- 
tions whicli liavc been connected with the action of the lover, 
and with the motions of bodies in c(iui!ibrio. It throws over 
all eonneeted subjeels a plain and intelligible law. Tho 
mind escapes from cmbavrassmont. What movo simple idea 
can wo have in relation to the action of a lever of unc(iual 
arma, wlicro a smaller woighfc balances a larger weight and 
oseillatos with it, than to know that one in proportion to tho 
mass ascends in the degree in wbich the other descends, 
the greater descent of the smaller weight aftbrding stiflicicnt 
force for the loss ascent of the larger weight, and tho con- 
verse ? IIow diliicult to conceive that tho oarth, with an 
attractive force in pi-opotlon to its mass, coiild draw down five 
pounds so as to clovato ten jiounds, meraiy because the two 
unequal weights arc at diftcrent distances from a certain 
fixed point, though at the same distance from lior centre ! 

In a scale-beam balanced by two equal weights, how could 
oscillation tako place under the law of gravitation ? Yet 
if you give one of these weights an impulse, they will oscil- 
late, -— oscillate forever in a vacuum without friction. 
Gravitation lias no power to give aUoniatc motion, — at- 
tracting both weights with ccjual force, it cannot first make 
ono heavier and then the other. If both were held with 
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equal sti'cngtli, it would bo aljsolittcly iinpossiljlc for tliis 
vibration to take place ; there is an absence of all cause, ov 
tcndeney, or capacity for oscillation. "Vis inertia; of mo- 
tion" gives no aid; for tlie motion is su8()onde(l and renewed 
at every vibration. Nor does " action and reaction;" for 
the dilliculty is to account for tbc action. '.I'lio earth might 
as reasonably bo supposed to attract only ono side of an 
evenly balanced wliccl, and thus f^ve it contimioiia rotation, 
as first to attract ono wciglit and then another, when botli 
weights are equally licavy. 'I'he motion is nnqxiestionably 
from tbc transfer and vctransfor of rotative foreo. The 
balance rotates as one mass with one degree of force, but 
this force flow.s from one part to the other of the mass. 

So far from being al)lc to induce oscillation, (ho law of 
gravitation would innnodiately overcome the motion. The 
poivcr of attraction, it is said, ijicrcascs witb the decrease, 
and deci-o&Hos with the increase of the distance from the 
centre of attraction. 'I'lie weight going down is tliorefore 
nioro forcibly attracted, the weight going up is moro feebly 
attracted, and this in an increasing' ratio, both for tlio de- 
pression and for tbc elevation. 'A'ho dillbronce, it may be 
said, is so slight, that its results can never bo detected by 
observation, ]Sut Bllgbt as may be this want of cqutlibnum, 
it actually exists. JJalances have been made so perfect and 
so nicely adjusted, as to turn by the impulse of tbo thou- 
sandth [Mirt of a grain. Su])iH)ao a perfect balnneo without 
friction at the fulcrum, and acting in a vacuum. Ilcrc 
this want of equilibrium would be felt; the descending 
weight, being move attracted, conld not rise ; tbc ascending 
woigbt, leas attracted, could not fall. Tliem could he no 
oscillation under tbo law of gravitation. 

Thus nature in the vast range of her adjustments «ould feel 
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and respond to tliis diftbrence of attvactivc poivci" at Hio 
(liflcving distances from tlio centre of attraction. '1,'limngli- 
out cxtondod siiaeo thcro could bo no oscillatory movement. 
'llio spheres, according to theory, evenly balanced in tlicir 
orbits l)y tlio centra! and tangential forces, wonld, by mu- 
ttial attraction, have erratic movcmcnta. '.niero would bo 
perturbations, actual perturbations, — wanderings, actual 
wanderings, from their path uudor tho increasing power of 
the lessening distance. 'L'lioir changes could not bo com- 
pensatory and periodic ; tho mean time of revolution and 
mean extent of axis of orbit could not bo preserved ; they 
would aberrate, but never oscillate, for tlio force causing 
aberration wonld bo increased by tho act of aberration. 

On tills earth too, \nidcr the law of gravitation, the order 
of nature wonld be broken up. Off tho Cape of Good 
Hope, there aro at times waves more tlian a half mile in 
breadth, and very many miles in length. JlilHons and 
millions of tons of water arc thus heaped up in one volume ; 
the increase and diminution of attraction in this case wonld 
bo felt and responded to, for there aro out of balance thon- 
flands of tons. It nnist be that tho ascending water would 
continue to rise, and tho valley of depression to sink lower. 
"What too woxild bo the result of tho great tidal wavo raising 
and depressing tho waters of an ocean ? Quietly to sinlf 
tho less attracted elevation, and abruptly to lift tho more 
sli"ongly attracted depression ? Impossible ; \nidcr the law 
of gravitation there can bo no bound or limit, no oscillation 
whatever. Portiirbaf ion, swerving motion, is without chock. 
Thcro is no voieo of eommand, 'I'hus far and iio farther 
shalt thou rise, and hero shall thy praud waves bo stayed. 

But on tlic other hand, in tho hypotliesia wc offer, oscilla- 
tion is measured in its extent by the impulse. Tho force of 
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tlio undulation is noitliov an increasing nov a (liminisliin<; 
force. It is not aeqHirccl from other bodies, nor imparted. 
]]t oxiat-s in tlio mass moved, and is traTisferrcd fi'oni part to 
part. It is a current of force iloiving by an impulse. 'I'his 
idea will bo further chicidatcd m wo jn'occod, and a prim- 
ciplo will bo imfolded by which the oscillation of all fluids 
IS limited ivithin a definite range, so that the equipoised and 
freoly moving element, wator, liaa a fixed bound to its 
oscillations. 

"VVo would rest tbo trufli of tlio hypothesis on this nice 
adjustment, this beautiful equipoise of motion by which is 
BCCnrod tlio permanence and harmony of creation ; and 
with those ideas, the rise of tlio wave reflects from ita spray 
not only the light of tbo sun, but its motion reJiects to tho 
mind a more beautiful light, — light revealing the law of 
nature, by which movements as froo as tho breath of tho 
brcc/o ni'o held in subjection with a chain so strong, that 
He only who forged it can roml it asunder. 

Wo will now recur more particularly to the phonomcna 
of tho waves. To show that they are not distinctly xindcr- 
etood, we will cite tbo follow'ing dcscriplion from a standard 
work on Natural Philosophy : — " Certain pnrticlos of water 
aro first forced down, and tho surrounding particles arc 
forced up ahorc their level ; their circular ridge subsides, 
and not only fills up the original depression, but from ita 
momontum forces up another ridge exterior to it; tins sub- 
siding forces up another ridge, and so on." This descrip. 
tion calls to mind tho following passage from an ancient 
philosopher ; — " His wliolo performance seemed to n-eacb no 
further than if a man should say, ' Socrates docs all by 
intellect,' and after proposing to give a reason for my action 
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should say, 'I am sittiii;; on my bed, l>eea«so my body is 
comiwscd of 1)01103 and nerves ; the lionoa arc liard, solid, 
nnd sopRi'atcd by joints, and tlio nerves lieing able to bend 
and uiibciitl themselves tlo the bones to the flesh, &e., and 
Ikdt is the i-casoii forsooth that I sit in tliis poKition.' " 

lint we need an oxiilaiiation of the pheiiomcna of the 
waves more distinct than conios from the iiicvo recital of the 
Ijhaacs of thoir rise and fall. It is expressly mentioned by 
Phitaroh, and by Pliny, that the seamen of their day used 
to still the waves l»y pouring oil into the sea. A letter writ- 
ten in 1707, speaks of a storm at sea " whioh had nothing 
partionlar about it, except that the captain found liiniiself 
obliged to pour oil in the Hea, winch had an excellent cftcct, 
and succeeded in preserving xis." l''ran!ilin, in his paper 
on this subject, says : — "A small quantity of oil, for in- 
stance, a quarter of an ouiiee, will spiead itself quiekiy on 
the water in a pond to the extent of an acre, and if poured 
on tlio windward side, tlio water will thereby bo rendered 
(juite smooth as far as the fdm of oil extends. ..... Its prin- 
cipal operation is to prevent the rising of new waves, and to 
prevent the wind from driving those already raised with as 
much fovcc as it wonld if their sm-foce was not oiled." 

Tins idea of stilling the waves by means of oil is omitted 
in recent works on tlio subject, and is considered by many 
as a popular superstition ; but when was Franklin mistaken 
in facts wliicli lie investigated ? and what popular belief is 
there thus extensive ivhicli has no foundation in truth ? 
Why is it, as before stated, that a thin stratum of oil spread 
ovor tlio awrfaco of water, will prevent its freezing when 
exposed to a degree of cold niueh below the point of conge- 
lation ? "Why does oil prevent the adhesion of substances 
pressed together ? All these results are from (he non-con- 
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ducting pvoportics of oil. l^'ouco as lioat (Iocs not caeapo 
tlu'ougli it ; force of cohesion docs not pass lliis bavi-ier ; 
force to give tlio impulso ivliieh occasions the undulation of 
tlio ivavos, is rcpollcd from ttic watoi'. Tho theory of tho 
identity of force rtp'iWi, without oxporimcnt, wovdd have 
indicated these rcaults. 

A fact analogous to the vise of tho wave, is tlio rise of tho 
air in a ventilating tube ; over the upper orifice passes 
Uio lioviKontal wind, particles of which, by their friction 
or attrition on t!ic air in the tube, aro arrested in their 
course ; the force by which they were impelled is imparted 
to the air in tho ventilating tube, and consequently the air 
is raised to a higher level of rotation. 'Wherever there is a 
passage of a current of matter, any part of which is arrested 
in its course, that which arrests it is moved. Witli tliis 
idea fixed in tho mind we arc able, not only to give a satis- 
factory explanation of the vise of tho wavo, but also of 
many connnon facta coining nndcv our daily observation. 

When tlft wind passes over the surface of tho sea, parti- 
clcB of this icrial current avo arrested in their course by 
any pi-ojccting ino((uality, or in the absence of almady 
formed waves, by friction or attrition, as already explained. 
'JL'Jio water has additional force (rnusfcrrcd to it by tho 
passing wind. It acquires force for rotation at a higher 
level. It therefore rises. Tho elevation of tho first wave, 
however slight, ofl'ei's a greater impinging surface ; it there- 
fore continues to rise, and its rise is jiroportional to tho 
strength of tho wind whicli causes it. 'I'liis undulation of 
tho water arises from tho same principle as tho oscillation 
of the pendulum, the motion of whicli is the reception and 
transfer of the force of rotation at its different levels ; tho 
descent liberates force for the ascent, and one mean level 
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of notation H ovoi pi-esevvcd. ^liiua rises tUo wave, ita 
motion tlio leeopfion and transfer of force, its iin|)nlso of 
oseiHatioii the foico ixibbcd from tlio passing ^¥ind. ^I'lius, 
and ttiiB only, can wo explain a fact which is rathor 
iiMlcfinitely cxpiciscd in the following langna^o fi'om high 
niithoiity : " Monjontum may bo aconmnlatod to ftn enor- 
mous tlegioo in vovy latgo snspcndcd masses, by forces, 
\\lnch, at thou fiist application, appear to ho totally inade- 
quate to mo\e them." The impulse is "totally inade- 
quate" to cause the motion; a child's hand cannot move 
a thousand poinids, hut the child's liand can destroy a 
balance, and tho force of nature transferred according to 
the level of rotation is tho cause of motion. In tlio ease of 
tho wave, the wind destroys Uio cqnilibrium ; bwfc tho action 
of a more intense force moves tho mountain of waters. 

'J-'ho motion of the wave is deeply interesting in all its 
aspects. Tiio crests of tho surge riso vertically, though 
thoy are ap|)avontly progrcssivo. It is not until tho water 
shoals toward the beach that they acquire a '■'pFogressl\'o 
motion, —-ijrogressivo because near the shore tJicre is not 
depth for tho vortioal movement. It requires doublo the 
generally aupi>03cd doptli to form the vertical wave ; for 
the uplifted water falls as much below tho valley of depres- 
sion as it rises above it, 'Jlhero is a descending wavo, a 
cui'ront under water, ivhich as a ivedgo forces up tho suc- 
ceeding wave, an opposite ivavo vmder tho water. ITenco 
On tho shoaling water is the imdortow, a retreat of tho 
water at a certain depth with advancing water at the sur- 
face. 'l!ho extent of this reciprocal wavo is in exact pro- 
portion to tho extent of tho visible wavo. 

Besides, the surface of the atmosphere is also to a degree 
in oscillation with the water over which it is spread, 'I'ho 
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ivind conforms to Uio suvfaco, it oscillates with tho watov ; 
tlio anih of a boat, or tlic lower sails of a ship, arc not 
becalmed with a steady wind, though SHi'mundcd by a wall 
of water. Bays an oxpcrionccd navigator, " tlio lower sails 
in scudding ai-o at times becalmed, from tho use ot tho stem 
ofthoBhip, but never becalmed on tho lund, though the 
waves riso higher than the sails, a fact which T havo often 
tried to account for," }^r this reason, — thu unduhtnig 
motion of the wind over tho undulating surface of the so, — 
is it that tho wind off shore, not having actiairod tlio eor- 
rcsiwudiiig undulation, however strong it may blow, smooths 
the sea. 

A most interesting scone was described by a friend, who 
stood on a small reeky island in tho midst of the ocean, 
bolting with intense delight on the forces of nature as 
displayed in a storm. Tho mountain waves were dark, 
almost black, the intensity of their gloom being heightened 
by tho circle of white foam which surged upon tho rooks. 
A siiddon vcoring of tho wind, this wind being \Yithout 
the conforming undulation, prostrated tlio billows as it were 
at once ; the ocean became as smooth as in a summer's 
hree«c. 'I'hcro was no surge on tho iwek ; but tho surface 
of the sea was white ^Yit!l foam and curling in wreaths of 
vapor as far as the eye could reach. Gradually, however, 
the new wind actpiirad tho sympathetic undulating move- 
mont, tho waves again began to rise, and soon the surf 
dashed with its former fury against tho island. 

Only because tho rise and fall of the wave ai'C from tho 
reception and transfer of force, the mean level of the 
ocean ever remaining the same, could this result have 
been in'oduccd. If there liad been " accunnilation of mo- 
mentum to on enormous degree," -—if tho attracting carfb 
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Jiad (li'awn tlowii tlio depressed watci's witli njoro sti'Oiigtli 
than the elevated waters, — the ocean could never have 
boon thus smoothed into tlie ijuict of ono level ; the now 
wind would have increased the surging waves, so that thoy 
wonid liavo lifted tlioir cvoals still higher in confused and 
broken masses, i-esulting in a eonilict of motion which tho 
fitrongth of no vessel that over iloatcd conld withstand. 
There is something fascinating in the contemplation of tUo 
intensity of the force of the elements so perfeetly \nidcr tlio 
conti-ol of law, as is witnessed on tho harren rocks in tho 
midst of the ocean's storm. 

Uoforo passing to other instances of oscillatory move- 
ment, wo ivitl notice some analogous pSienomena. 'i'ho whirl- 
pool and tlie ivhidwind are ilhistrativo of tlio action of force. 
We will copy first a description of theso phenomena which 
CO fn s tl e si j ! it o " ^Viien gusts of wind 
CO ( o 1 fie e t { tc I licet in a certain place, 

tl e o tl le 1 cs 1 c c 1 or rotatory, or sci-ew-liko 

ot o e tl asec 1 ^ o lesec ding, as it wore, around 
a T 9 T 1 tl s ^ s so et 03 stationary, and at other 
t OS no cs 1 I T t e h i cotton. This phenomenon, 
1 el s c II I II I g OS a whirling motion to dust, 
sa I V tc 1 1 a t of olo I a d somcUmcs to bodies of 
great weight and bulk, carrying them npwards and down- 
wards, and at last scattering thorn in every dii'oction. T'ho 
water-spout is formed by tho centrifugal forco of tho wind, 
creating a vacuum in tlic centre through which tlio water 
ascends." !L'hcso aro tho common ideas ; for circular motion 
is usually considered as the rcsnlt of conflicting forces. 

'I'ho action of two currents of water, in tho formation of 
tho whirlpool, and of two winds in tho formation of tlio 
whirlwind, is precisely the same. 'L"hc onward inotioii of tho 
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pai'tieles of water or u\e is nrrostotl by tlic inii>iTigo)nciit of 
the two CMt'i-ciifs, but the force which impelled them is not 
anniliilatcd ; tho onward motion only is ended, iind the 
force from its nature must produce ntolion. 'L'lic circular 
h tho only open range of action ; for no separate particle of 
cither stream can bo aceeleratod in the strcan) by a sudden 
impulse. Tliorcforo, tho ari-cHtod water or air moves in a 
vertex until its force is gradually imparted to the oiu-rcnt in 
wliieh it floats. 

In the ivater-spoiit a part of the force of tho revolving 
\yind is conveyed to the water ; tho watei', having force for 
rotation at the higher level thus eommunieated to it, rises. 
'J'hc water on which the whirlwind rcsta becomes violently 
agitated with tho additional force received, and is elevated 
as foam, vapor, and water and air mingled together. Of ono 
an observer said, "the water at; the baso seemed to boil 
and go up in detached masses mingled with tho air," 'L'ho 
raising of heavy bodies on tiio land and of tho wafer of tho 
sea hy whirlwinds, in fact, the elevation of matter gen- 
cralty, is ever on the condition that the due degree of rota- 
tive foi-cc is supplied. lb may ho supplied from below, aa 
in the act of pushing up ; it may bo supplied from above in 
the act of drawing up. All tho phenomena of change of 
level arc explained on this principle ; the falling body 
imparts its no longer needed force, tho rising body deraandH 
an increased supply. 

!l'hts idea is fmely illustrated in the fall of water from a 
gi-eat height into a basin of stone, as in the "Pool" at the 
White Mountaina. 'L'hc water received in tlio basin de- 
scends from a great elevation ; it has groat; spare force of 
rotation, whicli force, not transferred to the rock on whicli 
it falls, impels the water in a vortical moi'omcut, and thus 
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founa loi iticif a ciie\ihi loccptaclc. If the lyator had 
baicly flowed into this icccptictc ivJtliout force, ov from a 
modeiafo donation, the isstung ^^ator would liavc used this 
foice, a cwiicnt bchseui the iiilet and outlet would liavo 
hecn established, and no vortical movement boon induced. 
Watoi- arrested between two currents makes the whirl- 
pool. An'catcd water from a great fall only, can make a 
ponnanent whirlpool, ivliioh will scoop out for itsolf the 
vortex mould from the solid rock. 

A fact which has strayed somewhat from all theories, 
and which the books on Ilj'drodynaniies that wo have 
examined do not oven notice, — a trivial fact, coining under 
our daily o)>servation, — is fully illustrative of the principle ; 
we refer to the vortex in th'e body of a tunnel full of water, 
which is formed on the issue of the water from the pipe 
below. I'lll a tunnel with water ; when it is stationary 
allow it to (low out from the pipe ; the water in the tunnel 
immediately assumes a vortical movement, and whirls faster 
and faster as it descends. 

Wo have incj^uired of many wlio wore well road in the 
usual explanations of philosopliy, and their answer has boon 
that the cause of this vortex is the conflict of two forces. 
Itow is this 'i liy theory, thero is only one force present, 
the force of gravitation, the downward drawing force of the 
attraction of the earth. One suggested that the vortex was 
formed by reason of (he conical shape of the tunnel ; that 
lie was wrong is evident from the fact, that a tiuniel of any 
form gives the samo result. 

'i'ho explanation of the fact is very simple on the piinoiple 
which we present, 'L'he water issuing from the tube uses, 
in its downward inotion, all tho spare force of its own 
dciccnt to a looker level. JJut the water remaining in the 
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tHimel has also descended to a lower level of votatioii. It 
has tlicrcforo spavo force, and this force has no other rango 
than to confer eirciilav jnotion to the water. The water 
tiicroforo revolves. Tlius ia it, tlitit facts, coinnion, trivial 
facts, declare tho general law. 

Wo return from this digression to oscillatory iiiovcmonts, 
and allirm that tlio surface or crust of tho globe, as it fias 
heen called, has undulatory motion. 

Wo think that wo shall be able, as we proeccd, to catahlish 
tho fact, that tlie barometer indicates, not tho density of 
the atmosi)horo and eonsequently the levol of rotation, but 
that it indicates tliis level [lositivoly and directly. Jf'or the 
present, howovor, take the barometer as it is commonly 
understood, as iTidicating by tho oscillations of tho mcreury 
the density of the atmosphere. 

There aro oseillations of tho mercury entirely unac- 
counted for by this theory. At tho same apparent level 
tho barometer has a range of about three inches. 'This 
well kno^vn fact cannot bo explained by any supposed varia- 
tion in tho density of the incumbent atmosphere. Philosophy 
icknoMledges hoi ignonnce of tho cause of these changes, 
Tho diyncbs oi the humidity of the air will not account for 
them , this is admitted AVinds cannot give tho reason ; 
foi it would lequno the passage of a current of air two 
thoHsind ci^ht hundicd ■xnd eighty miles, at tho rate of 
sixty imlca an houi, to neconnt for a variation of one half 
meh of the mcicuiy liesidcs, these changes often precede 
the clnnge in the atmosphere ; thoy may tako place whon 
thcie IS 1 dctd oilm, ot during the blowing of a steady 
g\lt,, thus foiotolhng atmobphcrie changes rather than being 
ptoduccd by them ])o not those facta indicate that the 
simc </\\iac 1 hti^h clniigcs tho level of the barometer pro- 



I ..Google 



too oii'ri.TsiiS OF A svst];m os 

duces tho oliaiigo in tho atraospticvc, not that tlio atmos- 
jjhci'ic cliango aftccts tlic bavomctoi- ? 

Thcso oscillations of the mei-cury aro not without cause, 
and thcvc is oiio cause to whicli wo would assign them,-— 
tho rise and depression of tho earth's sucfaco on ivhicli tho 
bnromotor stands. Wc bclicvo that the cai'tli is to a degree 
clastic, yickling ; that it is stisccptiblo of uiidulatofy movc- 
)uent, — iicriodic, ov occasional, — so extensive in range, yet 
BO slight in amount as to produce no convulsion, no apparent 
chnngo ; yet to ho traced by tho oseillaiions of the bavom- 
cler, and by the winds and storms which indicate a now 
distribution of the force of rotation. 

A scientific writer says, that the surface of the globe is no 
more stable ov Ann compavativcly than is a heap of saw- 
dust which !3 floating on the surface of the ivater. This is 
a strong metaphor, but he drew liis inference from a suppo- 
sition which ive aro far from believing, — from hidden fires 
shut up in the bosom of tho earth, t'or, as lio Bays, if in 
tho sanio proportion tho boat continues into tho interior of 
the earth, which is ovidonccd by tho fact of its increase so 
far as we have penetrated, at one hundred miles froTu tho 
surface it would ho greater tJian any artificial heat ever 
produced. The most refractory snhstanees would bo reduced 
to a fluid state ; therefore, tlic solid erust is of small com- 
parative depth, and tho internal fires by their intensity may 
ivell he supposed to give motion to it, 

]Jut there are many well known facts ivhich prove that 
there aro fluctuations of the surface of the globe. An ele- 
vation of the coast of Chili of eighty-five feet has been proved 
by geologists, and a recent elevation of four feet, extending 
along a thousand miles of the South American coast, was 
produced in a single night. I'lartliquakcs have boon felt 
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tlivoughout an entire iicmisplicrc. During tlic great cnrtli- 
(luiiko near Lisbon, tho watoi'S roso with tlic uplicaving 
ciii'Hi ono hiiiulrod feet, anti the motion *yns propagated 
across tho Atlantic Ocean, vessels feeling the swvgo 
according to their distance from the centre of motioii. Wo 
would also refer to tho " peiiodio altlioxigh irregularly alter- 
nating rise and fall of tho watci'3 of the Caspian sea," and 
to tho fact that liarhora in tho Mediterranean sea have been 
suddenly' left dry for many hours. It is stated by an emi- 
nent geologist, that tho strata of tho earth, her ridges, her 
mountains and valleys talto the general form that would bo 
induced by continuous undulations; and geologists gonovalty 
assort tho same fact, referring it to various causes. If there 
bo cliangcs wliieh result in convulsion, and which thus leave 
a pcvmauent record, why may thoro not bo gentlor changes, 
lluctuolions unattended with severe eatastrophes or abiding 
results ? "We have the authorfty of Ilinnboldt for tho 
assertion, that without earthquakes tlie surface of tho eavtti 
is capable of gentle and progressive oscillations ; and ho 
also remarlis that " the opinion so impUcHly entertained 
regardhig the force of gravity at any given point of the 
earth's surface, kas in some degree been controverted hy the 
gradual rise of large portions of the earth's surface." 

'X'hc sudden changes of level in the waters of our great 
lakes have long excited attention, and have never been sat- 
isfactorily accounted for. 'We copy from the Annual of 
Scientific J)iscovcry a condensed account of the faet« so 
far as they arc knoivn, and the hypotheses which are oftcrcd 
for their solution. " 'I'ho results of recent observations prove 
that these ivatera do not rise and fall at slated periods, cor- 
responding to the ebb and flow of the tide, but are subject 
to extraordinary risings, which arc independent of the 
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iiifliifincc of tlic sun and moon. 'I'licsc visings attraotcd tho 
attention of t!ic earliest voya<jeurs in tlicso I'Cgions, Chai-- 
levoiK, who travei'scd tlio lattcs nearly a century ago, says 
in reference to Tvnkc Ontario : — 'I obscvvod that in this 
lake tliovo is a sort of reflux and flax, nhnost instantaneous ; 
the i-oclfS near the banlts being eovcred ivith water and un- 
covered again several times in the space of a quarter of an 
hour, oven if the surface of tho lake ivas vory calm, with 
seareo a breath of air. After reflecting for some time on 
this appearance, T imagined it was owing to springs at the 
bottom of the lake, and to the shook of tlieiv currents with 
those of the rivers which fall into them from all sides, and 
thus produce those intermitting motions.' '.I'lic same move- 
ments were noticed by JlaekenKic, in 1787 ; by an expedi- 
tion under Colonel Jiradstrcot, in X7G4 ; on Lake I'Irie, in 
1823 ; and at various later periods. In tho summer of 
3834, an extraordinary retrocession of tho waters of liako 
Superior took place at the outlet of Sault Saintc Marie. 
The river at tliis place is nearly a mile wide, and in tho dis- 
taneo of a mile falls 18.5 feet, 'rhe phenomena occuri-ed 
about noon. The day was calm, but cloudy. Tho water 
retired suddenly, leaving tho bed of tho river bare, except 
for a distance of thirty rods, and it remained so nearly an 
hour. Persons wont out and caught fish in pools formed in 
the depressions of the rocks. 'I'he return of tho water.? is 
represented as havinj; been vory grand. 'I'bey came down 
like an immense surge. In the summer of 1847, on one 
occasion tho water.^ i-oso and fell at intervals of about flftcon 
minutes, during an entire afternoon, 'i'ho variation was 
from ten to twenty inches, tho day being calm and clear ; 
but the barometer was falling, ilkforc tho expiration of 
forty-eight liours a violent gale sot in. At Coppc!' Harbor, 
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the ebb and flow of tlio water Uivough Jiarrow JnScfs and 
cstimrios liavc been i-cpoatcdly noticed when there was not a 
brontli of wind on the lake. Similar phenomena occuv on 
Bovoi'fll of tho Swiss lakes. Professor ilathcv, who observed 
tlio barometer at Co] ^ oi Hi 1 o 1 ing one of these flnctna- 
tions, remarks :™' \.s a £,c cnl tl ing, fliichiations in the 
barometer acoompa cl H ctntio a in tho lovcl of the 
water ; but aometinw^ tl o vttei le cl varied rapidly in tho 
harbor, while no such \niiat oi ^ occurred in tho barometer 
at tlio place of obsei it oi 

" As a general i lo thoso vai itions in the wator-lovel 
indieatc tlio appraacl of % stor ot a disturbed state of the 
atmosphcro. We avo therefore led to infer tliai these phe- 
nomena resnlt, not from the provalcnco of the winds acting 
on tlio water, accxumdating it at one point and depressing 
it at others, hut from sudden and local changes in tho pres- 
sure of the atmosphere giving vise to a- scries of barometric 
waves." 

How could there ho thcso " sudden and local ehangcs " 
in the pressure of tho atmosphcro, with a cahn day, and of 
course an equablo tomperatviro ? Or bow could they exist 
at all in a fluid so elastic as tho air, the very nature of 
elasticity being such as to correct at once any {lift'ercncc of 
density in tho same volume ? Our views lead us to regard 
these changes in the level of the water as iiidicativo of 
changes of the level of those portions of the earth on which 
the water rests. And as a proof that vibration of the earth's 
siirfaeo docs occasion barometrical change, wo need only 
refer to tUo well-known fact that at the time of llie great 
Lisbon earthquake, tho mercury fell so far in the barometer 
oven in Great Britain, " as to disappear from that portion 
of the top usually left uncovered for examination." Hum- 
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bokit also remarks tliat " the connection between fUo erup- 
tion of a small volcano ivitli the state of the barometer is 
generally recognizctl, altliough our present Icnowlcdge of 
volcanic phenomena, and the slight changes of <ebmos))h'ino 
pressure accompa^iying our winds, do not enable us to ofl'er 
any satisfactory explanation of the fact." 

liut wo need not aconmHlafo facts. Science generally 
indicates a change of level of different portions of tho crust 
of this globe, taking plaeo eitlior periodically, or as tt wove 
incidentally. Nor arc we limited to science for our proofs 
of mutation. Science may point to the hai-omctcr as indica- 
tive of these changes ; sho may show the earthquake and 
tho stonn ; she may declare, from tlio upraised strata, from 
tho mountain ridges, from the depressed valleys, from tho 
eonftiscd commingling of the primitive, the transition, and 
tho recent formation, that the earth is not an unyielding 
mass, bound together by a law which gives incroasod density 
according to the approacli to its centre. 

'.I.'ho world, now permanent as tlie home of mnn, has 
passed through at least one great and sudden change, The 
upturned sti-ata, tho drift from tho polos so enormous in 
quantity, that were it again collected and restored it would 
change tho form of tho earth, abundantly prove this. Yfo 
know that this great change has been aeconntod for by 
natnval catises, by the accumulation of the present elianges 
in foregone times, — by the condensation, as it wore, of 
present events in the lapse of past ages, ---by tlio volcano, 
the earthquake, tho storm, tlie drift of rivei'S, the gradual 
deposit of floods ; — glaciers have boon launched, and ice- 
bergs freighted with diluvium and boulders. IVc are not pre- 
pared to seek a solution of the great changes of the earth 
fron\ natural causes, ft'om tho intonsifieation of the present 
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action of forco, condensed to slrongCF notion in tlio youth of 
tho ivorld. 'J'lici'c lia« been one change at least, ivliicK caino 
not from a natural cause, fi'oin the cvcry-day phenomena of 
nature. AVe vofof to tho time w]ien the earth was ivithout 
form and void, ami darkness was on tlie face of the deep, 
when the spirit of God moved on tho face of tho ivator, 
rtkI it was said, Iiot thoi"o ho light, and tho rays of tho sun 
created " in the beginning" for the first Unio penetrated tho 
mist that went up from tho surface of tho earth ; when " tho 
firmaments roso " and " divided tho watei"S from the waters." 

How great tho change which thus converted a chaotio 
world into a bright and beautiful homo for inan ! Tlio 
Intensity of the force is written down on the broken strata, 
the toni and ragged mountain ridges, and in the smoothing 
and furrowing of the stubbori\ rocks. '.I'hc form of tho 
eartli was changed, and with this change came necessarily 
a cliange of its rotation, and it may bo of the form of its 
orbit ; for a change in one condition of a sphere, must 
change its every phase. 

And that tins change did tako place proves that thoro 
can be no rofercnco to any supposed centre as the radiating 
point of its motive force ; for tho globe is self-poised, asking 
of no other leave to bo, borroiving of no other the power to 
move, — ' connected, as a part of a aj-stom of worlds, yet 
speeding on in a path of her own in perfect balance, in ae- 
curate equilibrium, as if buoyed np by the right arm of God. 

As there is a perfect oipiipoiso in tho earth as a sijhcvo, 
as a whole, so is thoro tlio same perfect equipoise in her 
parts, in lior elements, in hor constituting masses. l''roni 
this perfect equipoise como the slight aberrations and per- 
ttirbations, the oscillations of tho surface. As the pcnthdum 
swings on the condition of cipiilibrium ever preserving one 
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moan level so iy tl o s face vibrate of the oven-balanecd 
earth. Tl e efo e 5 tl o o freedom, case, elasticity of mo- 
tion, — notl f, sKt 1 y, yet nothing ivandcring to an 
extent that a a tl e designs of creative \Yisdom ; all 
tilings flo^i g go Hy t? f without rule, yet bound togothor 
by laws as s e a 1 as changeable as is the power of Him 
who formed the oaitli n\ the bcgnnring, as the homo of liis 
children, whose security and happiness were the objects of 
creative skill. 

An idea, given in (i sermon by the llev. A. P. Pcahody 
has fastened itself in onr thonght-s ; we qnote from memory : 
" In tlic Ptolemaic system, this earth was considered as the 
centre of tho system to which all the wandering hosts of 
heaven were tributary, - - aids, accompanying circumstances. 
The better lights of astronomy dispelled this error, and the 
earth is looked upon now as a part, a miinito part of a uni- 
verse without a conceivable limit. But the earth from this 
is not degraded, but oxaltcd, — not deereasod, but increased 
in interest. The part of such a whole far transcends in 
sublimity the centre of a system so narrow that all refers to 
its own limited l)ounds." 'I'ho idea extended to man imparts 
to the individual a dignity proportional to the extent of tho 
universe of which he is a participant, — little in himself, yet 
how great considered as an intregral part of the whole crea- 
tion ! And this intimate connoetson, too, not merely apper- 
tains to bis physical nature, but he has yet greater dignity 
of position from the view that, connected as he is with God's 
material imivorso, there is also for him a connootion with tho 
Sustaining Spirit, the Life of the Universe, — that indeed 
ho js tho child of God. 

Wo return from this "oscillation" of tbought, In a 
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fitill niglit, at a liotcl of great extent, built of massive 
granite, a vibratoi-y motion waa distinctly percoptiblo. 
Tills great stoiio building, tlio adjacent buildings of brick, 
and the intervening ground to a great extent were perceptibly 
moved by the ])a3sing of a carriage over the paved street. 
Bid the museuiar force of the liorse thua produce motion of 
tho enormous mass of atone, brick, cavtli, and tlic solid 
ledge ? Tho impulse only was given, and this impiilao, 
slight as it was, so nicely adjusted is tlio balance of force, 
resulted in oscillation. Tlio vibration called forth by tho 
motion of the carriage, was tbo bringing into action tho 
\veigl\t of tho mass, — tho transfer and rctransfcr of tho 
force of rotation as tho oscillating matter rose and sunk ii\ 
level. Had gravitation bound down tho enormous mass, 
drawn it ivitli tho force of thousands of thousands tons, it 
would have stood firm and unyielding. How much safer 
for a ship to float on tho frco moving water, than to re- 
ceive tho shock of the storm when stranded on tho solid 
rock I 

As wc write, we raiao our eyes to a range of lofty menn- 
taiLis, the top of ono of which rises somo four thousand feet, 
witli a summit of batd rock, the granito reaching from this 
hcigl\t to tJic broad base, and extending for many long miles 
below, ledgo upon ledge, stratum upon stratum, all bound 
together by the circiilatiou of forco through every particle, 
fragment, mass. 3Jut there ia no weight. Tho granite 
crystals touch each other no more closely at tho lowest baso 
than at the summit, nor press moi-c lieavily on each other. 
'J'hero is no weight, except on tho condition that the mountain 
descends to a lovel of rotation. It is self-poised, as is tho 
whole earth. 

Practical mon, ivho know only what they have scon, and 
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bcHevo in ivliut takes place, without boing trostblcd by 
theory, work on tho faith that there is no force of gcavita- 
tion in the mass which preserves one line of rotation. Jn 
taking away the foundation of a brick wall ivliicJi had been 
undermined, to rebuild it, tlio owner expressed liis fcara 
that too niucli had been removed of the sup|)ovt at 
once, and that the building would fall. The reply of the 
mechanic ivas, " 1 used to fear, but now I know that it is 
safe until it (ice/ins to move, and 1 slialt work without any 
jar ; if it should begin to move, twice the present support 
would not keep it up." In taking away tlio support of the 
avcli of a stone bridge, after t!ie keystone was put in, a 
sliglit, sudden sag of tho bridge crushed the keystone, — a 
stone, tho cohesion of which, if standing firm at one level, 
would have borne all the granite that could have been piled 
miles high upon it. 

Tins principle is cvidencccl by the superior security of tlie 
arch for bridges and similar structures. In the arch, tiiero 
oan be no descent without crushing the material of which it 
is formed. Thus too has the passing of ft body of troops 
over a bridge, witli measured step by boat of drum, often 
given the vibration which calls into action tlio weight or force 
of descent. In the JJritannia tubular iron bridge of immense 
weight, some of the spans of which are four Imndred and 
seventy-two feet in length, care has been taken to secure 
tho bridge against vibration ; tho upper portions of tlic tube 
arc made thicker, operating as an arch, the particles of 
which are compressed by any descent. Heavy as it is, it 
will undoubtedly stand if it has no vibration to call forth tlio 
forco of descent. 

Tlio moon floating around the earth will not fall because 
she possesses force for rotation, in proportion to her distance 
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from tSio cavtii. Bo tlio crwat of tlie earth ctiiinot fall, as it 
ever 1ms llio due force for rotation ; tliore may bo oscilta- 
tioii in the orbit of the moon, tlic mean distance being pre- 
served ; there may be a movement of tbo cavlli'a surface, but 
it ia an oscillatory movement ; there is both tbo rise and tlio 
fall, one moan of rofation being preserved. Masses and frag- 
mcuta of tlio earth fall, when unsiipportod tUcy take a lower 
level of rotation, and as they fall yield up to other bodies 
the force of tlieir former suporlor level. Ileneo every 
movement is oscillatory, the transfer of forco, — the force 
remaining of fixed quantity in all its transfoi's, preserving 
the perfect equilibrium of creation. 

After the assertion of the law of falling bodies by Galileo, 
there was found a great diiiiScHlty in applying it to tho 
connnenccmcnt of the motion ; for this beginning of motion 
clearly shows that they do not full by attraction. Great 
disptitcs took place in regard to tbo velocity with which 
bodies bcfjin to fall. It led to tho consideration of tho infinite 
divisibility of space ; for the motion at its commcncomcut is 
so slight that the body hardly appears to move, or, as it has 
been ctpressed, " when a body begins to fall from rest, it 
begins to fall with no velocity. In ono thousandth part of 
a second it has only acquired one thousandth pavt of tho 
velocity which it has at the end of ono second." If gravi- 
tation act with ita supposed forco upon a body at rest, how 
great would be its instantaneous velocity when tho support 
was taken away I J'ts fall would bo as sudden as the recoil 
of a bent spring. 

Nor could it bo understood why bodies which had fallen 
by tho forco of gravity should be able to liso again to tho 
same level against the force of gravity ; or why on tho 
inoltued plane the velocity of a body should be measured by 
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tiio vertical lioight fmm ivhicli it falls; nor wtiy tlie fall 
slkoiild bo with uniformty accelerated velocity. V.vcn (lal- 
ilco, vigovoHS as wove liis powers of tliouglit, corild not mas- 
tov the snbjoet. And tlie obscurity has continued to this 
(lay. 

'I'hc theory of gravitation acluiowlcdgos a dillercncc be- 
tween the weight of a body, that is, its tendency to fall, 
and the force of the fall,--- weight being an invariable quality, 
wltilo the force of descent is in proportion to tJio time of tho 
fall. Wo regard the cause of the fall, and tlio force given out 
by the fall as essentially different, and wo hope that we shall 
bo ablo, in the process of this inquiry, to explain the cause 
as well as the results. JSiit whatever it may be, tiic stone 
iinsupjiovted will not remain at rest. We liave just read in 
an aeconnt of a recent ascent of Wont ISlano, that " spots 
have to be passed where no word can bo spoken lest thou- 
sands of tons of snow should bo set in motion ; " for it lias 
been known, that the mere vibration of the air, caused by 
tho Inxman voice, lias brought down the avalaneho. 'I'lie 
intcnsifcy of molecular action, the pulse of nature, the very 
throb of force, the vibration and oscillation of all things 
would account for the fact that the suspended body has 
motion, has tlio beginning of its downward course. 'J'ho 
impulse given, the most minute lino of descent induced, 
there is tbo spare force of rotation, there is force for tho 
nrotion of the mass in a now direction. It has commenced 
its fall, — it has unused force. It cannot rotate more rapidly 
at tho lower level ; for it is a ])art of a cnrrent of matter 
passing TOvnid the earth in an equable stream, downward, 
tlien, it must take its way. 1(3 very appearance in the 
act of falling indicates the law of its motion. It is not at- 
tracted ; for it docs not rush at once to tbo oartli, as do tho 
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particles of Htccl to the nia;;nct ; but, foi" an instant, as if in 
suspense, like 

" A loiig-sivcpl wni aiioiil lo Inciik, 
It Oil tlie ciivl liniigs pmtshig ; " 

then, gathering force for its doivuwavd cnvoei', it fails ; 

" Sfill gntlioi'iiig force it amofccs, niu! iii^cd Hiiifiin, 
Wlilils, Icniis, ni)il lliuiidcrs i1o\sJt, 1in|jeIuom to tlic [ilniri " 

The force obtnined by the ohange of ilio level of tbe falling 
mass,—-- of water for instance, — cannot conio from ttic at- 
tracting oavtli ; for the attractive force is force to draw tho 
mass toward her centi-o, and having acted according to this, 
the esaonttal principle of attraction, it would ecasc to act, or 
inorcty hold tho wator at its now level. IJiit the forco of 
the fall of bodies remains ; it is a living principle. It ivaa 
in thorn at their highoi- Icvol, thoro acting in rotation. If 
water falls, it transfers this force to other bodies, inducing 
motion in them. If not imparted, it is sHfficicnt in intensity 
to raise tiie water again to its former level. It is not a 
mcvo gravitating, or downward forco, but force giving motion 
irrcapeetivo of diroctioii. 

Thus, tiie fall of water over an artificial dam is not from 
tho downward attraction of tho earth. 'I'hat forco can only 
oxert its essential property of bringing the particles of (nat- 
ter nearer to each other. In doing tliis, it has discharged 
its only conceivable function. Mui tho particles of ivatcr 
by tho act of descent impart tho spare forco of their lower 
level of rotation; and this force, diverted from the majestic 
etrcani of i-otative power, can have given to it by mechanical 
appliances the lino of direction ivhicli crushes the grain, oi' 
on tho revolving spindle tivirls the fibre of cotton, — tho 
mechanic using the force of nature for the comforts and 
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luxuries of life. Thus ia impai'tccl to Uio pvaetioal moclinnio 
a dignity avislng from Iiia position, lie is not a mcro cun- 
ning workman in wood and bi'ass ; but )io boars in liia Imnd 
Uio scoptro of power over natvivo, — lie controls l\cr ener- 
gies, -—lie borrows lier force, —from wator, wind, and steam, 
and througli the lever and the wliecl, Jio directs the action of 
tlii^ force for U»o weU-bciiig of man. 

"Wlicn engaged in tite oxaminalion of facN, tlic thoiiKlifs 

wii! oscillate from Hiem to abstract principles, from 

material tiiinga to that which they represent. Hoes not 
this law of tho mind provo that tlio connection of tho intel- 
lect with material objects is not its only tic to tho nnivorso t 
Wo have considered the artisan a-s borrowing the power 
of natnro for his purposes, — considered liini as not cotifincd 
\o tliab degree of strength only which flows through Ins own 
frame ; he goes out of himself to the great fountains of 
energy for his pin'poscs. So, he who would comprehend tho 
tilings aromid him, — lie who is the artisan in philosophy, — 
is lio confined to his own feeble strength, limited to Iiis own 
power of thoiiglit? Is there not a comnmnion between hlni 
and truth more direct than conios from tiie contemplation of 
external objects merely ? Is he never alloived to borrow 
wisdom from the Fountain of Wisdom ? 

" Kow all the knowledge and \yisdom Utafc m in creatures, 
whether angols or men, is notiiing else but a participation 
of that one eternal, immutable, and uncreated wisdom of 
God, or several signatures of that ono archetypal seal, or 
like BO many multiplied rcJIcetions of one and the same face, 
made in several glasses, whereof some are clearer, some 
obscurcr, some standing nearer, some further off." 
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JTAU BRTTKB KYKS." — lUakep lierkdf^. 

'J'limtu are, unquestionably, two different casta of mind, — 
one giving greater, t!»o other less nttontion to facts ; tlio 
one tlie jiioro rigid and exact in observation, the other 
the moto prone to spccnlation. Hence the pcrpctufil con- 
flict between what arc called tlio practical and tiie tlteoret- 
ical. ]iiit the dispute concorniiig the values of the two 
mctlioda in pltilosophy i3 in words merely. 'J'itc man who 
only knows faots, and the man who, ignorant of tho doings 
of nature, dreams ratlior tlian judges, are both imfit for 
plnlosopliy, 'Dlieories unsupported by facts arc worthless, 
and nn accunndation of facl-s witliout rofcrenco to the )aw3 
of their combination is ako worthless, 
10' 
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IJut every man is in aonic degree a tlicorist, and lie 
is a theorist bocanse lie is a man. 'J'lio animal alone 
vests contented with the faets presented to the senses. In 
proportion to tlio strength of a mind is its tendency to 
go beneath the surface of tilings, to bo dissatisfied with- 
out hypothesis to connect the faets that arc observed, 
and therefore to seek sonic principle of wnity. 'I'hiis every 
phiioBopIici- is necessarily a thoovist. Mvcn Uaeon, the 
father of the Inductive iVIcthed, was a theorist, and at times 
a wild and fanclfal tlicoi'ist. " Some noises," says ho, 
" help sleep, as tho blowing of tlio wind and the trickling of 
the water ; they move a gentle attention, and whatever 
movctli attention without too much labor, slilleth the natural 
and (Useursive motion of the sjm-Us." " What indeed," 
asks a profound and accurate thinkei", " are Newton's Que- 
ries but so many hypotheses wliich aro proposed to philoso- 
phers as subjects of examination ? " " And," he continues, 
" did not oven the great doctrine of gravitation take its first 
rise from a fortunate conjecture?" 

It is remarked by Sir David 15rcwster that "tho inllu- 
cnce of Uio imagination as an instrument of research has 
been much ovci'loolccd by those who havo ventured to give 
laws to philosophy. 'I'his faculty is of the greatest value in 
physical inquiries ; if w'o use it as a guide and confide in its 
indications, it will infallibly deceive us ; but if wo employ it 
as an auxiliary, it will afford us the most invaluable aid." 
After an hypothesis has been suggested by tho imagination, 
it should bccoino the subject of rigoi-ous examination, and be 
retained or discharged, as it may or may not give the desired 
explanation ; for the pi-oof of tho truth of a theory is its liar- 
mony ivith facts. True philosophy, therefore, uses both 
reason and observation in making progress. 
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Alul wltilo p!iiloso|)liy (loimaiula tliafc no theory slifiU bo 
lidiiuttctl as iimvod any fiii-tUcf than ib is supported by facts, 
and that science sho\d<l bo guarded from wayward fancies 
and day-dreams, cc|.«al care should bo taken to reexamine 
tho theories tliat are current, so that the errors that must 
necessarily ho handed down in tlic regular ti'ansmission of 
soicnco, from tho education of one genernfioii by tlic pre- 
ceding, may he cxpollcd. '.I'here is far less danger tliat 
new error:* ho received than that old ones be suftbrcd to re- 
main ; for against now theories tho educated contend niosfc 
strenuously, if they condict ^vith a system to tho full com- 
prehension of which a lifetime has boon devoted. I'Irrora 
once csEablislxed therefore become permanent ; tltoy aro 
incorporated into a system. Common sonso, wliich might 
detect thom, dofors to tlie authority of science, and science 
to tho wisdom of forn^cr times. However, all things on tho 
whole are wisely determined so that progress shall bo made, 
though it be by a siiceessiou of waves surging at long inter- 
vals, rather than by t!ic steady advance of tlic tide. ISut 
wc have been drawn from our path. We return to the exam- 
ination of the theories relating to the diftering densities of 
tho atmosphere, as indicated by the rise and fall of the 
mercury in the baroniofor. 

It is generally supposed that the atmosphere increases in 
density from its \ipper surface to its line of contact with tlic 
globe. In the language of Sir John Ilerscbell, " when wo 
have ascended to tho height of one thousand feet, we have 
Itavo loft. belo\^' us about one-thirtieth of the atmosplicro ; at 
ten thousand six hundred feet of elevation, rather loss than 
that of j'i'ltiia, we have ascended through about one third ; 
at eighteen thousand feet, ivhioh is nearly that of Cotoi)axi, 
through one half of the material, or at loftst of tho pomlera- 
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bio body of (lir iiieumbcnt oil tlio oavtli'a smface." 'I'lus 
lessening density as wo go up from tl)o aiivfnco, is supposed 
to bo proved by the depression of tito jnorcHiy in ttio 
baromotrical tube. 

Before tiio experiments of 'J'orriceJli, tlio ascent and su))- 
port of fliilda by a vaeimm ivcro accomilcd for by tbc ablioi'- 
renco of iiatm-e for a vaciuim. Wlicn it was discovered 
tliat this "ablioiTonce" was limited for ivator to about 
tbirty-tbreo foot, for mercury to about thirty incbos, and 
for other iluids in proportion to tlicir density, some new 
tbcory became necessary, and the wcigbt or pressure of tlio 
atmosphere was substituted, Galileo, Toi'iieelli, ]'ascai, 
seem jointly to Jiavo ibrnied tlio now theory, and Pascal 
fully cstfl,blishcd it by experiments, which gave the fact that 
at dift'oroiit altitudes the les'ol of tho mercury varied, — that 
it rose biglier in tho vacuum as tho icvol of tho instrument 
decreased, and that it feli as flic barometer was elevated. 

'fhus tbc "/(*(/« Vttcui" being abandoned, the support of 
the fluid boing attributed to tho pressure of tho atinospbero, 
and tho degree of support being found to lesson iijjon ascent, 
tho hypothesis tliat the weight or pi-essui-e of tho atmosphere 
decreases according to elevation was established, and i-c- 
mains unfiuestioncd to tiiis day. This theory, however, 
though it has been useful for many practical purposes, docs 
not give a complete explanation of tho faefs connected with 
tho barometer. 

How is the air supposed to be packed accoidnig to bare- 
metrical indleations? Wo wiH quote fiom ono i> ho very 
distinctly gives tho conmwnly rceoncd opnuons "Tlio 
first strat»m of air gravitates with its own Uiaie of tho 
cartli's attraction, tlio second with its oi\n <;hiie, and with 
(be wcigbt of tho stratum over it, and so on ; tho loiver 
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stratuim benriiig in addition to its own woiglifc all the weight 
of ilic air over it." 'J'Jio atmosi)ticre has also bccii com- 
pared to R series of fleeces of wool, the lower the m<«l; 
com|)ressod. 

Gravitation of the atmosphcvo, if tlio aii- bo attracted at 
all, \¥Oiild appeal' at first sight as if threads were attached 
to each particle, drawing every one with equal tension. No 
pT i clc CO 1 1 so relatively to another particle, if ail wero 
la lov tl equal force. 'L'ho particle going down 
n st I st ongly drawn, the particle going up ninst 
bo 1 a tl less comparative force. ^Vith equal attract- 

tl c 1 1 1 no relative cliango of place, 'i'ho only 
(liHereneo in weight of the difl'eront strata would arise from 
the inercase or diminution of the force of attraction, accord- 
ing to the distance of each stratum from the centre of 
attraction. If this forco acted on the whole atmosphere as 
one volume, tJie whole volume would he of as uniform den- 
sity as a mass of granite. If the force of attraction operated 
on each particle according to its distatico from the centre of 
attraction, the differonco in tho woiglit of diflcrcnt strata 
would bo far less, than that apparently indicated by tho 
barometer. 

Such a condensalioii of the atmosphere as is supposed 
could not result from the law of gravitation ; for that law 
assumes a decrease of force proportional to the squavo of 
the distance. A volume of one hundred cubic iiiehos of air 
weighs Init thirty-one grains, — is attracted by a forco the 
value of which is only thirty-one grains. How large must 
be the volume of aiv which weighs a ton, — is attracted by a 
forco measured by one ton ? It would cover the whole of » 
large and high mountain. 'Phts ton of air would weigh but 
one ounce less, a mile from tho surface of the globe, than it 
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would at iEa very siirfaco. 'J'liis is tlio only ratio in ivIiioJi 
gvavUatioii could cUange the wciglit of the diffcrout strata 
of air. 'i'ho earth can have no favoritism. Sho holds in 
place or draws down every jwrticlc of air equally, — or, 
move acouratoly, in proportion to its distance fi'oni the 
centre. 

liut, admitting tliat each stfatimi of air bears not only its 
own share of tlio earth's attraction, but also tlio weight of 
all the sti-ata over it, still this could not condense Iho atmo- 
splioro to the degree that sa supposed. 

No one doubts that the temperature of the atniospliero 
changes with its level. At the summit of a mountain, where 
by theory the air has lost one half of its density, the cold 
eompavcd with that at the surface of the earth below is 
most intense. ITcat, it is said, always rarefies the air, cold 
condenses it ; and of conrse thero would, from this cause, 
1)0 a greater density in proportion to the elevation. 

It is also settled, that the foreo of tho elasticity of air 
increases with its density. Of convso elasticity acts against 
tho rarer strata, and this elasticity would of itself pre- 
serve thmughont tho whole afmosphcro an equilibrhuu of 
density. If a quantity of air ho ai-lifieially eondcuscd, how 
qnieldy ivill it return to its normal state when the force 
which compresses it is removed ! If the air be an clastic 
fluid, no volume of it can exist without an equal pressure in 
every direction,— he the volume large or small, a few cubic 
inelics or the whole atmosphere. If any portion of it be 
vavcfiod by heat, tliis will gi\'e to its particles greater " force 
of repulsion," so as to equatiKC its pressure with that of the 
SiU'roundiug denser air. 

l\Iorcover, if gravitation could prea) down the difforent 
strata of tho air iu tho ratio supposed, it could not maintain 
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the pressure, — - it could not |)i'cscrvo tlils (lill'eronco of don- 
sitj'. '.riioi'c is a poi-foet iTiterinobility of Hio i)articlcs of 
fluids, and cvovy wind tliat blows would tend to bring bade 
iho e{tuilil)i'iuni. It is aupiJoscd tliat winds arc caused by tbo 
I'uwtiin;; of niv from tbo colder and more condensed \)oi-tioiiB 
of tlio atmosjjhcrc to tbosc conijiarativcly more rarefied. 
An \ij)wavd current \\o\M at oneo bo cstablislicd to restore 
an cqiiiiibriuni, --■ to undo wliat gi'avilatiou had dono. 

JSut the law by wbicb llie atmosphere is packed ac- 
cording to barometrical indications, is not tiie law which 
regulates tlic giuvitalion of fluids. It is a law which acts 
in tliis case only. 'I'ho law, by wliicJi one stratum of tho 
atmosphere bears not only its own weight, but that of all the 
strata over it, is assumed for special purposes. Having dis- 
cliargcd its function, it is, ever after, a dead letter. V\'o 
hear no moro of this vertical gi'avilatiou, — 'no more of the 
bearing down of one stratum upon anotlicr. Muida press 
equally in all directions. 'J'liis is acitnoivledgcd as a general 
law. Tho very action of tho atmosphere on tho barometer 
must often be by an upward gravitating (X)wcr, pressing 
against the leather at tho bottom of tho cistern containing 
the mercury. 

Tho acknowledged i)vinciple that the pressure of fluids is 
eipial in ail directions, " npwavds, downwards, and sidc- 
ivays," would prevent such a compression of the atmosphore 
as the barometer is supposed to indicate. If a eublc foot of 
(lir presses equally by its sis sides, it presses tho cubic foot 
above it with tho same force as tho cubio foot bolow it. In 
no way whatever can it be shown, without contradicting all 
the present theories, that there is a difTcreneo of density 
amonwUiodiftcront strata of air. If this diflcrencc actually 
exists, we must give np gravitation with force accordiTig to iVm- 
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t tl I f 1 ill {lie rai'ofiiction of the air, tho 

1 t ty f ) I on to lis tloiisitj, tlio diftiisivoiicss 

of n t t M t) f tho pavliclos of air, aiul tho pfiii- 

J 1 t! t U ] t fluids is equal in ovoi-y direction. 

] t f t tl y density of tho air liaa no i)roof 

1 at lb y 1 nay not bo. If it be, it la caused 

1 y a 1 1 1 t I d ill any of ttio present tlicorica, 

It t ' 1 1 f'O'" Uic range of tlic mei-cuital 

1 \\ 1 t p'oss this idea distinctly. If the 

a 1 \ t tl surface of the earth than a 

1 al t tl e of density does not aviso from 

^ a t t 1 f tl a a difference of density at dlll'cr- 

onb levels, the barometer cannot indicate it, 

We referred, in tho preceding chapter, to the oscillations 
of the nievoury at. one supposed level ; we have occasion to 
xiso again the same facts, and to add to thoni others of tho 
samo character. 

'J-'hcso oscillations, of Avhieh tho range is ahont throe 
inches, while the bavonicter remains at the same place on 
tho earth's snrfacc, aro not accounted for by the present 
philosophy. Seienfiric incn confess tlieir inability to explain 
them. Professor Banicll says, " '.riio cause of tlioso oscilla- 
tions has long been tho subject of investigation with philos- 
ophers, and the problem in all its generalities is difficult and 
complicated. " '".I'ho difficulty," says an article in tho 
I'iOndon lilncycloiictlia, " consists in explaining ivhy theao 
oscillations aro greater in liigh latitudes than between tho 
tTOpica, as well as why thoy should exceed in all eases tho 
quantities winch calculation of different densities of atmo- 
sphere might assign." Again : " It is hard to say wliat can 
1)0 the causo of the changes of tho height of the mercury at 
tho aanio lovol, — changes which would be equal to a change 
of level of tiTO or three thousand feet." 
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Tt is supposed by some thiit diflcrciit degrees of Im- 
inidity in flic atrnosplici-c niiglit account for those ctiaiiges. 
IVofessor Leslie inclines to this belief, "because all other 
assigned causes are insutliciont." Jiut (he buvometcr usually 
falls iu a damp atmosphere, and vapor of itself lias weight, 
nor docs it necessarily rarefy air which contains it. Il'iio 
ivinds passing over the surface of the earth cannot be tlio 
cause ; for, as we have already shown, it would recpiiro a wind 
l^ssiiig over nearly three thousand miles at the rate of sixty 
iiiilos an lioiir, to change the height of the mercury half an 
inch. Attempts have also been made to trace the cause in 
the vacua occasioned by conlUcting winds. In vain ; for 
winds by. theory restore ciiuilibriuin, — they do not creato 
inccjualiiies, nor could a vacuum exist for dfiys and wcoiis 
if it could be formed. 

'I'he maxinnini of oscillation is near the parallel of 45'^ 
latitude. The oscillations vary with the time of the year, 
(being greater in one month, less in another month,) and also 
with the hour of the day. '.I'hey also vary with snddcn 
changes of the level of tho water, with the height of tho 
tides, and with the position of the moon in roktioii to the 
oartli. AH these ])crJodic and other changes cannot bo 
traced to the state of tho atniosphero as the cause, 'there- 
fore, if tho barometer indicates varying density of tho atmos- 
phcvo, it also indicates some other fact, — the oscillations 
have some other cilnse. If it do not indicate the density of 
the air in one (josition on the earth, it may not in any, espe- 
cially as the corresponding variation of density has no proof 
independent of tho change in the mercurial cohnnii. 

But it may be thought that wo liavo forgotten the fact tliat, 
" if a man ascends a high mountain, he will feel an incon- 
\'cnicncc in his cars, and other cavities of the body from (he 
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(lilatatioi\ of tlio enclosed air adjusting itsolf to tlic dimin- 
ishod outside pressure." 'J'his fact, if it bo teuo, is insufR- 
cicnt to boar tlio burden of proof of tlic great principle vnidor 
discussion. If \iiieonifortablo bodily sensations are experi- 
enced, it does not follow that the reason for tliom is tlio 
"dilatation of ttio inclosed air," or tlic rarefaction of that 
outside. 'I'hcrc may l)c other reasons for painful sensations 
on the ascent of high mountains. 

I'lio cflcot on the animal stnicturo of the air at great 
lioights, we think, proves distinctly that it is not so rarefied 
as is supposed, '.riie bird soars as lightly fi'om the top of 
the liigU nioimtain as from the plain. 'I'lie condor, the 
heaviest of birds, flics without cflbrt at a height of fifteen 
thousand foot, though supported by air of only half the 
density of that below. And man, after vcoovering from the 
fatigue of ascent, is not always distressed for breath j lie 
does not require lungs of double capacity, nor does ho 
brcatho twice as fast to obtain his usual supply of vital air. 
No one could live comfortably in air of only half its nstial 
density ; yet in the highest ascents in balloons we road 
that " the aeronauts sull'crod no inconvonienco in their respir- 
ation or other animal functions." IVc shall again rectir to 
this part of the snbject. 

It may also bo alleged that the boiling point of wat«r 
varies according to elevation, bceanso the pressure upon tho 
surface of the water is diminished by the rarefaction of tho 
air ; or tliat, as water boils in vacuo at a very low temporar 
turo, so as wo ascend and tho air is rarefied, ivater boils with 
a less degree of heat. The reason why water boils more 
easily the greater its elevation, is simply its possession of a 
rotative force proportional to its level of rotation. Jieyond 
a certain elevation water would at once pass into vapor. 
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"\Vo do not cxpccb tlio miiwls of otliera, at tlila period of 
tlic investigation, to accept our explanation of tlio vaporisa- 
tion of watov at different Icvok. Wc will, tlicrofoi'c, for 
the proBOiit, admit that tho atniosplierc is moi'O or less rai-e- 
fictl according to tho altitiulc of its strata,— that the moan 
weight of tlio liir, fcom tUo action of heat or other causes, 
varies, so as to make a column of it boar on tlio cavtU some- 
times with a greater, sometiiiies with a lessor pressure, 
JJut ovon if we admit the gravitation of air, and tho varying 
weight of a givoi\ fjuantity of air, it does not follow that 
either its normal pressure or it-s variation of pressure is 
measured hy the stationary or varying weight of the sus- 
pondcd column of inoi-eury. In other words, there is no 
proof that tho weight of the column of mercury is tho 
measure of tlio weight of the air. 

In tho first place, wlion the bavomoter is constructed, tho 
mercury in tho tubo docs not owo its elevation to the press- 
ure of the air. Iicfc a tube el<«ed at the top bo immersed 
in mercury, and when filled let it bo withdrawn upward by 
tho hand ; tho moi'cury is raised with the tube above tho 
level of the mercury from which it is tnlton. 'I'ho force re- 
quired to lift it is just tho weight of tJie mercury and tube 
together, 't'ho pressure, of the atmosphero on the lower 
surface of mercury does not in the least degree aid in the 
elevation, docs not diminish tho weight, — beeauso tho sus- 
taining mercury is pressed by tho air, not one iota less of 
force is rc((uircd to give tho sustained mercury its eleva- 
tion. 'I'ho fact is admitted, and is accounted for in this 
manner : — " ^fiie force used in lifting the mercury is 
needed to elevate the air over the tnbe ; that being done by 
the applied force, it is the weight of the atmosphere which 
elevates the inercnry in the tube." Jhit this reason is 
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given wiUiout I'eflcctioii ; for tho atv is no heavici' ovov Hio 
tul)o wlicn tlio tube is filled with mercury tlian when it is 
filled with water ov air, yet tho force applied measures tlie 
weight of tho ilnid within, and the contained weight does 
not increase or diminish the weifjht of llio cohnnn of air 
over tiio tuho. It ia certain, therefore, that when tho 
column of movcuvy is lifted with tlic twho, it is the applied 
force that lifts it, and not tho weight of tlio atmosphero 
boarinff on the surface of the mercury from wtiieh it ia 
witlidrawn. Of course, tho weight of the atinosphore, not 
capable ii\ tho least of aiding the process of elevation, has 
no oflioacy in sustaining tho cohimn when raised. One 
would almost suppose that an nir-siipported colunni of mer- 
cury would be like the air-supported balloon, and would not 
press with any weight upon the instrnment. 

When the tube is elevated beyond what may bo termed 
tli6 limit of extamon, the mei-cnfy is no longer lifted with 
it. Tlowovor high flio tubo !jo drawn, the surface of tho 
moveuvy in it remains at a corSain distance from tho surface 
of tho lower mercury. 'I'his distance, at tho mean level of 
tho earth's surface, is about thirty inches. It varies accord- 
ing to altitude. 

In tho usual process of constructing l)aromcters, the tube 
13 filled with mercury, and its lower ond inunei'sed in Pi 
basin of the same fluid, techniealiy called the cistern. Tho 
mercury falls from the top of the tube to tho limit of its 
susperision ; and as much as falls from tho tube is raised in 
the cistern. As niucli mercury is elevated in the cistern as 
is depressed in the tube ; tho descent and asocnt are exactly 
of|Hal. In all snbsctiuont changes the fall of inereury is 
equal to the rise, particle for particle ; tho How of mercury 
back and forth makes tho same relative change in the 
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volumes of the tube and cistern mercury. A perfect equi- 
librium was at first established by the ascent of a quantity 
of mercury in the cistern exactly equal in amount to that 
which descended in the tube, and the equilibriam is ever 
sustained by the same process, without reference to atmo-- 
spherio pressure. 

With this perfectly balanced instrument the atmosphere 
is supposed to be weighed. It is in one scale, but no test 
weight is put in the other scale. The air is weighed 
against nothing. All the ponderable matter hangs on one 
arm of an evenly balanced lever, and its weight is to be 
ascertained by the degree of the ascent of the other arm. 
Place on the outer mercm-y an adijitional pound of the 
fluid, the mercury in the tube ■will not rise so as to weigh a 
pound more ; add to the density of the air over the outer 
mercury, the rise in the tube will not correspond to the 
increased weight of air on or over the cistern. When we 
added mercury to thdt in the cistern, the mercury in the 
tube rose just enough to maintain its former distance from 
the lower surface. When the tube was first plunged in the 
cistern, it made no difference how great or how little was the 
quantity of mercury in the cistern ; it makes no difference 
afterwards whether mercury be added or taken away ; the 
same distance will be preserved between the two surfaces. 
The rise of the fluid in the tube will not, therefore, measure 
the weight in and on the cistern. 

It will be said, however, that though, when an additional 
pound of mercury is placed in the cistern, an equivalent 
pound does not rise in the tube, enough rises inside to cor- 
respond with the increased height outside, and therefore it 
weighs a column of mercury resting on the surface of the 
outside mercury, which is of the same area as itself, and 
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consequently, ii\ wci;^hiiig the air ovcv the cistcni, it wciglis 
a column of air of its own area only. 

'.I'his idea is a more statement of facta. 'Hie result 
emjHuieaHy obtained is exalted into a in-ineiple, and one 
wJticIi 13 at vai'ianco ivith all other principles of the action 
of fluids. !l''iU a oylindcr «ith nicvcmy, and from the cylin- 
der lot a long tu3)e ascend ; suhjecb the mercury in the 
cylinder to tlio pressure of a piston, and the rise of the tnei'- 
cury in this tube, tliat is, t!ie weight of the mercury sup- 
Ijortod by the pi-essaro of the piston will be measured by the 
whole pressure of the piston, not by its pressure on a sui-- 
faco of mercury in the cylinder, equal merely to the area of 
the tuho in which the mcrctu'y is snpjjortcd. So if the rise 
and fall of the mcreury in the barometer arc proiiortional to 
the wciglit of the air, they are so to the weight of all the air 
over the cistern ; hut, as it makes no diirorenco in the ac- 
tion of the haromoter whether the surface of tho cistern is of 
two tiicbos area, bearing a column of air of two inches area, 
or is an ocean of mercury, bearinj; the ntmospliore of a hemi- 
sphere, we arc compelled to look for some reason besides 
the weight of the air to account for the fact, that Ibo two 
surfaces of lliiid in the barometer preserve a fi.vcd distance 
between tliem. In other words, the vanation in the lengtJi 
of the coiimni of mercury is not determined by a corrosi>ond- 
ing variation in tho density of the air. 

in the use of mercury to indicate the pressure of steam, 
or of the condensed air of blowing cylinders, the extent of its 
rise in the indicating tube corresponds to the extent of the 
surface of mercury exposed to it. In a steam gauge the firea 
of mercury exposed to the pressure of tlic steam bears sueli 
a proportion to tho area of mercury in the indicating tube, 
that the usual range of force is measured by its rise and fait. 
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JN^ow, ciilargc the surface ex|>03oil to tlio action of the ateaui, 
give it an area criufil to the area of tlio pistoii, ttic gauge 
would burst by tho increased jiressuve, and the mercury be 
tiu'Oivn ivifli vsoionco in all directions. 'J'ake out the baro- 
metrical tube from its cistern, and place it in an ocean of 
mercury, its range would not change, — tlio two surfaces 
wonld still remain at tlio same distance apart. 

Why docs the movcin'y select one column of air of its own 
area and answer to its ])ressurc, regardless of the prcssnro 
of a hundred other columns of tlio same slue and weight 
>yhich bear upon the cistern ? Xt cannot bo from the uni- 
form horc of the tube ; for the twhc may he nncfjual, either 
contracted or enlarged ; it may bo a cono with its base 
downward, or a cone with its base upward ; the aperture 
or opening between tho tube and cistern may be larger or 
fimaller than tho bore of tl\e tube ; the relative quantity of 
tlio mcrevny in tho cistern may bo such, that on bringing 
the instrantcnt to a lower level it will nearly all be drawi\ 
into tho tubo, and yet will remain suspended, so that in this 
case, if tho mercury is susUincd at all by the atmosphere, 
it is by a column of less area than tho bore of the tnbo 
pressing on tho small orifice between the tubo and cistern. 
'i.'hcrc 18 indeed nothing in tho action of tho barometer which 
proves that tho mercury in the tubo is sustained by a cohnnn 
of air of it« own area. 

;ii\irthor ; if it were possible that tho sustained mercury 
under any circumstances could select a column of air of its 
own area, out of a volume of air pressing by elasticity in every 
direction, and disregard tho pressure, weight and elasticity of 
other columns whicli act on tho surface of the cistern, yot 
it would bo impossible as tho barometer is usually con- 
structed. Tho cistern is closed at top ; its bottom is a piece 
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of IcaUicr ; fliu instrument is inclosed in a wooilen case and 
suspended pcrliapa m a close room. It Hion i-ccoivcs tho 
preasHvc or wcif;!it of i(s selected column of air forty-fivo 
miles liigU, one i|uartOF of an inch in diameter, which may 
bo twisted and heat ahout by the winds of lioavcii, and 
roaohcs the instrument tliroxigh doors or windows, passing 
through t!ic air in the room, which is subject to expansion and 
condensation by artifioiai changes of boat. Yet, not affected 
by these ottanges, it poiiotratos through the openings of tho 
wooden case, acts on tho bottom of tho leathern support, and 
still gives exactly the degree of pressure belonging to its 
area, to tlio mercury in the tube through an apertnro of 
any ainc ! Is it possil)lo that any thing can be measured 
by such an instrmncnt, except, perlia]^)s, the elasticity of tho 
air in the npartniout in which it stands, which would all'cct 
the whole extent of the surface of the mercury on ivhich it 
aots? 

Bnk if this last and only possible action of tho air by its 
elasticity he the cause of the oscillation, why is it that two 
upper surfaces of mercury, one in the cistern and ono in 
tho tube, are an essonlial condition of the oscillation ? A 
tube in a conoidal form with a piece of leather over its base, 
would as well indicate the pressure of tho atmosphere, '.i'ho 
leather would act as well thns placed. It would have tlie 
samo elasticity. The air pressing on it would act as truly 
without an upper surface of mercury as with it. I'lio fact 
that tw'o upper surfaces of tho fluid arc necessary, abun- 
dantly proves that another cause for the action of the 
barometer is yet to be discovoivd. 

In onr examination of the action of the pnmp and of tho 
syphon, wc hope to throw more light on the subject of tho 
elcvatioti and support of fluids by means of a vacuum. 
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Sm-cly cisoiigli ]ms been already said to thi'ow a strong sus- 
})icioii over the tlicovy wliieli cxplaiiis bavomctric action by 
atmospheric pressure. Indeed, the explanation has often 
been reecived with some distrust. A friend, wliosc strength 
of mind was uovor questioned, said, " I have behoved tho 
explanation, rolyinj; on tho authority wHieh gives it, ratbor 
than bocaiiso it satiafios my mind ; thcro is somctliing about 
the action of the barometer which is not yet understood." 

If both the construction of tlic barometer and the quali- 
ties of tho atmosplioro aro suoh as to throw groat doubta 
over the supposed action of tho weight of tho air on tho 
mercury, liow nuicli arc these doubts ineroascd when it is 
l;nown that tho mercury changes its level in tho tube, nnder 
circumstances whicb forbid tho idea tliat there have been 
C([uivalcnfc changes in the density of the air ? 'I'o place this 
tt t liglit, wo will give tho folloiving state- 

( f If ! hit's Cosmos: — "Tbc horary oscilia- 
t f tl I otcr between the tropics present two 

1 t 9 or 9^ A. M., and 10^ or 10^ 1'. M. ; 

It t 4 or 4|, I*. JI., and 4 A, M., occurring, 

t! f It the liottcst and coldest hours, 'J'lieir 

(It) t at that, in tho daytime especinliy, tho 

1 y I taincd from tho bcif^lit of tho mercurial 

I tl t error, on the average, of mom than fif- 

l t inutcs. Ill tho torrid Jioncs of tho New 

f t t tl oasts, as well as at elevations of nearly 
tl t tl If ot abovo the love! ot tht SCI, -^Uicio tho 

t I t fHll3to4'F6', Iha\ofound(ht icgtihi 
ty f tl lb \ (low of the aerial oooin undistuibod by 
St 1 rain, and earthquikcs " 

C tbc idea convoyed m the lattoi ehusc of 

this cfuolation ? If there is an ebb and flow of the aerial 
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ocoaii, ia it possiblo tliafc iis rogulavity slioiiUl remain iiutliB- 
turbcd by storms nnd Iinrricnne3 ? 

If the oscillations of tho barometer day after day, month 
after ji\ont!i, are aa regular and uniform as tlic beating of 
tlio ponduluin of tho cloclc, these changes come not from tho 
capricious, fitful alterations of tho state of tlie air. I'tio 
action of the most nnrcstiained clement in nature gives not 
result the most exact and most regularly continued. If, 
as Humboldt e-vpressly states, the horary oscillations of tho 
barometer are not affected by changes of atmosphei'ic tem- 
poratuve, neither by licat noi- by cold, by snow nor by rain, 
by storm nor by calm, by flio poaco of nature nor by the 
throo of tho oloincnls, if the changes go on regularly and 
periodically on the plains and on the tops of high mountains, 
surely it is vain to seek in the variations of atmospheric 
pressure tho cause of these oscillations- 
Geologists liavo often noticed that tho changes of tho 
!cvel of different portions of tho earth are eomjilementavy. 
There is a rise in one place corresponding to the fall in 
another place ; for instance, an elevafion taking place in 
Sweden is responded to by a dopression in Iceland, Do 
lieaumont calls this tho " mouvcment dc bascule." Besides 
these occasional movements rcKuUinjf in permanent ehango, 
we boHove that there arc periodical fluctnations of the surface 
of the earth of this compensatory nature, occasioned by tho 
varying disti'ib\ition of tho force by which she moves in her 
orbit. '('Ills fluctuation would enlarge the earth in one 
diameter, and contract the dianjcter at right angles with this. 
'A'hus there arc two daily elevations and depressions corres- 
ponding with each other. This gives tho two maxima and 
minima of tho barometer! 
'I'liO elliptical form of the earth's circumference is do])cnd- 
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cut oil her jiosilioii na being ncavcF to, or fkirthei- IVoiii tho 
coitti'c of revolution ; and tlio Riirinking or cxpiiiisioii is rcgii. 
iai'ly propagated by her rotation. Tho movement licing 
oscillatory, tho masimii \vill, of courac, be somewhat aftor 
noon and midnight, corresponding ivitli tho minima of tho 
barometer. Tho oxtrcmc would also be greatest within tho 
tropica. Connected with tliissubjcct arc tho horary changes 
of the hoiT/.ontal magnetic intensity, to wliicli we shall here- 
after allude. 

To Olio other fact only ivill we at this time advert. It is 
stated, on good authority, that the bnvometer is more to be 
depended on for determining heights, than trigoiiometrical 
observations arc. Tho I'oason given is, that " the refraction of 
the air prevcnta accurate mcasnrcmcnts of the angle." If 
wo arc correct, the reason is obvions ; but it is impossible that 
the density of tho atmosi>hore should, under all disturbing 
jnllucnoca, always correspond to elevation with a greater 
aecnracy than the rcsiilta of geometric calcnlation. 

In onr attempt to explain the cause of the action of the 
baixnncter, we can, in this placo, but imperfectly advance tho 
views that have presented themselves. These views involve 
peculiar ideas, not only in regard to the force of rotation 
and revolution, but to the vacuum, to tho action of iluids in 
i-elation to their own particles, and to their action in relation 
to other matter ; and tbe ideas, to be presented with any 
distinctness, must he gradually unfolded as wo ])rocced. 

Tlic changes of the mercury result in a longer or shorter 
cohnnn of the Aiiid in rotation as one mass. In tlie rotation 
of any one mass, the force of rotation is unequally dift'uscd 
tluxiugli it ; the parts, say the upper and the lower, rotate 
with greater and less force. T'his inequality of present 
force increases with the distance of tho two surfiiccs. It 
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increases also with the density of tlio niassj the (iistaiicc be- 
tween the surfaces rciiiaiHing tho same ; it inci'cascs by a 
greater degree of rotative velocity, m a mass of tho saino 
density and sntno distance of the t^vo enrfaccs. In other 
words, wliiio tho ratio of diftcrenco remains the same between 
tho dilferent parts of the same body, the actual inequality is 
incTOOScd l)y increased extension, or density, or velocity, 

Wc have, then, an unequally distributed rotative foixjo 
present in every mass, and the extent of tho inequality is in 
direct proportion to the diiTorcneo of the orbit of the upper 
and lower extremities, to tho density of the body, and to tJio 
velocity of its i-otation. 

In solids bound together by cohesion, in llnids so placed 
that the upper and lower surfaces cannot approach or draw 
apart, this inequality must and will eontinne, whatever be 
their depth, density, or velocity of rotation. Jiut from the 
law of tho diffusion of force, tliero is a normal dift'erenco of 
difi'usion to which all iluid bodies conforin when free to 
adjust their volume in relation to it. 

'From this principle comes what wo term tho Hytnt of ex- 
tension of fluids, — a distance between the upper and lower 
surfaces, which measures the normal inequality of the pre- 
sent force, — an idea which wo hope fidly to illustrate as wo 
proceed. At present wo merely state the fact, Tho limit 
is perceived only in fluids so placed that a change can he 
made in the length of the column. 'I'his is tho case with 
tho mercury in the barometer. It can sliortcn or lengthen 
its column, and it must liavo tho upper and lower sHrfaecs 
to effect tins. It keeps the normal inequality tho same 
under any force of rotation, by extending or lemoning tho 
distance between the two surfaces. It rotates with a colunni 
which corresponds in Icngtli to the force of rotation. If the 
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barometer is made with a fluid of less density than mercury, 
there is the "limit" for the same cause, but it admits of a 
greater distance between the two surfaces, under the same 
force of rotation, 

W 1 m til sp "al nsideration of the barometer, with 
am tub tatgblf that its action is caused by the 
n IS Iimnut n f the force of rotation, — that 4n its 
1 an t I n te t I 1 — that it indicates directly the 
alt tu 1 "W 1" 1 f om the fact that such would be 

its ai-tion as deduced from principles established in our mind 
on other grounds. We also believe so, because we find 
the oscillations always to be such as could be occasioned \iy 
changes of level, and often such as could never be produced 
by varying densities of the atmoapbere ; and because, if the 
atmoapliere be of varying density, the construction of the 
barometer is such that it could not be affected by the varia- 
tion. We solicit a thorough examination of this subject ; 
for, if we are correct, it gives a value to the instrument far 
greater than it now ptssesses, its readings being at present 
confined to atmospheric pressure. 

We pass from the barometer, hoping further to elucidate 
its action by examining the limit of extension in relation 
to wat«r. 'Xhe principle ia the same in every fluid ; but 
water, for many obvious reasons, most distinctly illustrates 
the opinions that we would present. 

Water, in a tube closed at the top and open at the bot> 
torn, on being immersed in water will remain suspended at 
any height within the limit. 3ut if the top of the tube be 
opened and air be allowed to enter it, the inclosed water 
will sink to the level of the water in which the tube is im- 
mersed. The exclusion of air from the tube is, therefore, 
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tlio eoiulitioii i'C(i«isito for tho water in if; to remain aljove 
tl)o Icvol of tlic water in which it st-ands. '.rhis appears of 
easy explanation. "When a volume of watci' is in contact 
^¥itll ail', the surface of this voUnne of watcv, if at rest, will 
he of uniform level. In the two clcmenla a I tc 
tlicvo is a cVifl'crencc of capacity for force, so tl t t1 o c 
■when in contact with the other, Invaviahly ta f I 

(Icgrcc of force relative to tho other. ^I'hia j c lie ^ s 
uniformity of level to the surface cf any vol o of t 
contact with air; but, if any part of It-suppci surface ihwith- 
o»it this contact, its level of rotation (toes not tlcpond on that 
which gives level to the parts of the surface of the water 
which are in contact with the air. 

Under tho theory of gravitation it is supposed that it is 
the weight of tho atmosphere on the wafer onlside of the 
tuho, and its absence witliin it, which create the inequality 
of pressure, resulting in the elevation and support of tlie 
water in tlic tuhe. 'I'hls is supposed to be shown by the 
action of the atmospheric pump, by the syphon, and in fact 
by all the cases of the elevation of water which exhibit the 
law of extension. It is considered as occasioned by tho 
vacuum, fluids being suspended because of a vacu\mi, or 
because there wonid be a vacuum if the fluid did not ascend. 

'J'lie idea is not distinctly advanced at the present day tliat 
the action of the fluid is from an attractive power of tho va- 
cuum ; but the inference necessarily drawn from the facts in 
connection with present theories is, that nature so abhors a 
vacuum that action is immediately induced, not only to All 
the vacuum formed, Init to prevent it from being formed. 
!rhoro is always a supposition of aid from the weight of an 
outside column of air, of the same area as tho column of 
heavier fluid to be acted upon ; but in no case can the action 
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of this oxteviial eotmtci'poiso bo proved, nnd in many cases it 
is certain tliat it does not exist or act. In a suceocdiug 
chapter, when speaking of the properties of air, wo shall 
endeavor to illustrate the principle, by which a vacuum arti- 
ficialty created, as it were, draws in matter to fill the void 
space. In our present vJow of tlie subject, wo confino our- 
Kolvcs to tlio ilhistration of the Idea, that tl\e support of a 
column of fimd witliin tho limit of extension docs not and 
cannot depend on (lie pressure of a column of air of its own 
area. 

"\Vc will suppose a common atmospliorio pump, working 
with perfect nicety, and with tlic least possible fiiction. 
The piston is in contact with the surfaco of tlio water to bo 
raised, and on hciiij; lifted the ivator is raised with it. 'L'horo 
is no vacn\nn here ; tho atmosplioro rests on the piston, and 
the piston oi tl o ate I tl s t al elat o of it o 
sphere, pisto I i eo t ea U o i sto t I ll 

water below t ot tl o Ic t 1 e I ot tl e c J t of 

the aerial col o e tl e f t j esse 1 o tl c ] sto I 
foro it was o cl t cj U) j c 1 t s ov jl, 

upward. If tl e \ e s c of i e j al col of •» o tl c 
water of the e ste s tl o ate tl o i nj ts lot o 

prevents a c foleglocl ^^o akc fo tl o 
present tho simple statement, that force applied to tho water 
gives it power to rise to a higher level, and tlio elevation of 
tho piston gives it space, room, freedom to ascend, — tlio 
needed force for ascent is siipplicd, and a cliainiol opened 
for tho action of tlio force. In all similar cases wo shall 
ever find, that when fluids rise in pipes, it is because of tho 
application of force, with space for the action of tho force. 

'J'hat, in the case of the pump to which we havo just 
alhuled, a column of air of the area of tho ascending coUimn 
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of water, in otlici' words, ahnosphoric pressure on the watcv 
in the oistotn, does not lift np the water in the pump, can 
bo most distinctly proved. IVc will suppose tlio i)iston, 
which toHchoa the surfaeo of tlic water, and the elevation of 
which gives spaee foi- the rise of tho water, to bo sociu'cly 
fastened to tlio tiiho, and that tlie pump, tube, and piston 
togctlier, he lifted as high aa tlio piston wa3 previously lifted 
in tlio pump. 'J'he same quantity of ivater will bo raised as 
before. In the one case, s[ynca hus been given for the water 
to riso by otovating tho piston ; in tho other, by clei'atinj^ 
the tube with the stationary piston. 'I'Jio force required to 
raise tho tube, valvo and water is just tho weight of the lube, 
valve and water. In cither case there needs to be supidied 
the san\o degree of force, which wonld bo required to raise 
a stono of tho same weight. How then can it be said, that 
in working tlio pump, the pressure of the atmosphere is tlio 
elevating power, when for every pound of water raised tho 
force necessary to raiso a pound is required ? 

It is said in I'lwbanh's Hydraulics that the pump will 
work " if the well bo covered with slabs of stono, and 
coated all over with tho best hydraulic cement," thus cut- 
ting off from tho water of tho well all pi'cssure of the atmo- 
sphere, except such as is drawn by the action of tho piston 
" through the jninute pores." 'I'he only necessary con- 
nection with the atmosphere ia limited to tliat orifico, wliich 
w'ill admit into the well a volume of air equal to the ^'olimio 
of water withdrawn, otherwise tJiere wotdd certainly be a 
vacuum foi'med in the well. No connection whatever be- 
tween the atmosphere and well is needed, if tho ivator ele- 
vated mns back through another pipe into tho well, 'fhe 
act of pumping is the establishment of a current of water. 
It has no connection whatever with atmospheric pressure. 
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A pumj) ivouUl work eompletcly inimoi'secl undof ivator, 
tlicro cstabiisliiiig a connected cuvrent, and after the cur- 
rent ivRS formed the \ippoi' surface of Iho water wonld not 
be even ruflicd, the atmosphere pressing cijiiatly on all tlic 
pavJs of the current below. 

!Et is said that tlio atniosphoi'C prassea on tlio l)ody of 
every man with a foi-co of some fifteon tons, but boeauso it 
bears cc{iially in every dti-coUon, bccanso it is bo exactly 
c(|\n|)oiaed, it is not an object of sensation. Wo do not 
feel it. Ita forco is noutraliKed, destroyed, so far at least 
that it induces no perceptible results, li'his is true, not 
only in relation to the fwman body, but to every mass of 
matter iininovsed in air. 'i'ho cistern and tlic ivater that it 
contains, the valves, tlio water in the tube, and tlio jet of 
water issuing from the tube, arc as one body ; the enfolding 
atmosi>bcrc is wrapped around tbo whole with ct(iial strain. 
If the pressure of tlic air has power to cause the water to 
ascend through tbo tube, it has the same power to act in 
the opposito direction. If it prcs3 ivatcr in at tbo bottom 
of tlic tube, why docs it not press it back with equal force ? 
When the upward current is established in the pump, all the 
forco to create the current must bo supplied ; the force 
needed is exactly equivalent to tbo weight of water elevated. 
't'lioreforc, the doctrine of ccjual areas of atmospbero sup- 
porting the denser Huid in vacuo has no more application to 
the raising of water l)y tho pump, than it has to the drawint; 
of water from a well by titc pole and bucket. By both 
mecltanical means strength is put forth proportional to the 
fjuantity of water to be I'aisod, and to the distance of cio\'a- 
tion, tho weight of tbo atmosphere, so far as any practical 
result is concerned, being ncutralined, destroyed, by the 
affirmed law of its equal pressure in every direction, 
13* 
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But for tho skopl'tcal wo will mention a fact ivliich \icv- 
feetly dcmonsti'atcs tliat tlio action of tho pump lias no 
rcfcreneo to tlio iiresgiiro of tho atmosi)horo. Hy accident, 
ill Sovitlc, in 1766, it ivas discovered that water eonid bo 
rfiisod by tlio pump fifty foot and more, if a small opening 
was made for tlic admission of air into the tube of the pump, 
'.riiis circumstance excited great attention at the time, and 
was supposed to prove that water could bo raised by atmo- 
spheric pressure much hij;lier than thtrty-thrco foot. 

In the Journal of tho Kranldin Institute for May, 1837, 
it is stated with refoveneo to tho action of pumps worked by 
steam, that a little air is sometimes admitted into the pump 
pipes, which " makes tho pump work more lively in conse- 
quence of the spring it gives to tho column of water." And 
iu tho samo paper, Mr. Terkius states, that " forty years 
beforo an attempt was made to impose upon him a pump 
which raised water by atmospheric pressure one hundred 
feet; hut ho detected a small pin hole in tlio pipe tlu'ough 
which the air was admitted." 

'L'hcse facts are fatal to the theory that atmospheric press- 
ure causes the elevation of water in pumps ; for there may 
bo the pressure on tho ascending as well as on the im])cl)ing 
column. No matter how little this pressure is, though the 
fact was shown in J'lwbank's well, closed by hydraulic cement, 
that the pressure through small apertures is as strong as 
through large,— if the pressure within was but an hundredth 
part of that without, what there was of it would balance pro- 
portionally the external pressure, and to this extent too it 
would impair the vacuum ; but instead of this it gives new 
power of ascent to tho watorj more than doubling tho possi- 
ble extent of its elevation. 'I'o account for this we are told, 
" It was ascertained, on investigation of these facts, that tho 
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«ir on ontoi'ing Use pipe mixed ivUli tlio ivatcr, which there- 
fore, instead of being carried up in an unbroken eoliinm, 
was raised in disjointed portiona or in the form of tluck rain. 
'X'ltis wixtui'o boinj; mnoh Hglitei' than wufcr could be sup- 
ported by tUo almosphoro, and by pj-oportioiiing the tiuantity 
of aiv to bo admitted, a column of the compound (luid may 
1)0 elevated one or two Imndretl feet by tho atniosphoro." 
In this explanation tho fact accms to bo forgotten, that it is 
not tho weit/Jit of tho colinnn of water which dctovnnncs tho 
altitude to which it can he raised. Increase tho force, and 
ten thousand pounds may be lifted as readily as ten pounds. 
It is the heii^ht of water, not the weight, wliicli attained, it 
will no longer rise ; and tho main fact was quite forgotten, 
that atniospfiorie pressure was at work as well within as 
witliout tbo tube. 

Our views can bo presented movo distinctly by reference 
to the action of tho syplioii. In tho pump the current ia 
established by animal force, or by tho power of wind, stoain, 
&c. applied to tho piston ; in tho syphon the same ond is 
obtained by the presence of a longer column of water in ono 
leg than in tlio other. To uso the common language, gravi- 
tation acting on the longer column with gi'cater force than 
on the shorter, tho ccjuipotso is destroyed, and the wator 
falls in the one, rises in tho other, thus establishing a con- 
tinuous flow. It is tho force of descent of ono body drawing 
up anotiier body with wliieh it is coimeoted, as by a ropo 
passing over a wheel. 'I'ho strength of tlio flow ia therefore 
dotenninod by the diflcrence in height of tlio two cohimns, 
tho foreo gained by the descent of one being more than 
suflicient for the elevation of the other. The flow has no 
reference to tho attraction of gravitation ; for by diD'crent 
diameters of the two columns, the quantity or weight of 
wator may be greatest in the Ktiortor leg. 
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AVc ivitl suppoao a syphon, the sliovtor leg of wliieh shall 
bo ton foot high, containing a hnudvcd jioiimla of ivaicr, its 
longci" leg of olcvcn feet containinj; five pounds of water. 
The watev fi'om the longer leg is dischavgiiig itself into the 
air ill a contimiona stvoani. What supports the one hnnilrcd 
pountla of water, ivhicU, by theory, is drawn towards the 
earth by a force equal to its weight, while tlie water in the 
longer log is drawn down hy a force of only five pounds ? 
Certainly it oaiinot bo atiiiosplierio pressure on the larger 
tube ; for there is also atmospheric pressure at the discharging 
orifice of the smaller tube, 'fbe attraction of the hundred 
pounds of water, if it be attrnetcd at all, should bo sulTi- 
cient to draw up the live pounds and to draw in tho air after 
it. Of courso the one hundred pounds does not feel the 
force of attraction, 

'rhc action of iho syphon is therefore hut the fall of water 
through a tube arched upward, and the force of the fall is 
nieasnrcd by tho difference of altitude between the two 
levels, — that from whicb it is drawn and that into which it 
issues. !tn the pump it appears as if a vacuum were 
created, as if tho curi-ent were established by tlic weight 
of tho ail" pressing on the water in the well, and not on that 
in the tube. In tho syphon thei-c is not; tho most romoto 
indication that a vacuum is formed, and tho pressure of the 
atmosphere is exactly the same on the water ivhich enters 
tho pipe, and on that which loaves it. 'J'hero is no vacuum ; 
for the syphon is kept full of water, and this cvoates a plcuum 
as much as if it wore fdled ivith load ; and with the shorter 
log immersed in water, the surface of which is at a higher 
lovol than that in which tho longer log is immersed, if there 
bo any difference, the atmosphere presses moi'C heavily at tho 
discharging than at the receiving orifice. TJiero cnn he no 
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pi-otcncc of atniosphorio aeiioii on a ciiwcnt of water Slowing 
fi'om a higlier to a lower level, through a tube arclicil up- 
wards. !l'lie a'lv in this case lias no more to do ^¥ith tho 
current than if it flowed through a pipe Iiont downward, or 
curved laterally, — no niovo than if tho water ran down 
tlivongh a straight tube, or wittiout any tube through an 
orifice in tho ^do of the coiitainiug vessel. 'I'he action of 
tho syphon is imputed to almosi>hei'ic pressuro, because tho 
limit to whicli water can rise in it is Ihc limit, beyond which 
water cannot bo raised in the oases in which atniosplierio 
pressure is supposed to bo the cansc of the clovatiou. It is 
true that if tho water at the 'top of tiic syphon should part, 
and it should descend in each column, there would bo a 
vacuum ; but, there being no gravttalion, it will not ])art till 
beyond tho limit of extension. It then parts through tho 
action of the laiv which regiilatos the limit. But because, if 
tho syphon docs not establish its current, and tho water falls 
in both the legs, tlicro is a vacuum, it does not follow that a 
vaenwni or tho dread of one establishes the current ^vhon it 
flows. While tho current is flowing there is, if any, an equal 
pressure at both ends, and from then^ up through the whole 
length of the pijje. 

Tho vacuum is forjncd, if tho syj)hon bo raised above tho 
limit. If the iiistnnnont bo extended higlier, the water docs 
not rise ; but vcmaius elevated at an ccjUfil height in both 
lo^, measuring from the vcspoctivo levels of tho surfaces of 
tho water in whieli they are immersed. It is supposed, that 
caoli siispcndcd column is counterpoised by an ctinal weight 
of alnios])Iiore, tliat is, by a eolunni of air of tho same area 
as the susi>ondcd column of wator. Of course, this being 
tho case, any variation of tho limit marks an ctjuivalcnt 
change in atmos))lierie iv eight, 
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Witlioiit going into tlio ci«cstiou at this time, of tlic jios- 
siblc cfTicacy of tho aiv in sustaining wator m audi cases, 
wliieh may ivcH !)o donbtccl, m wc liavo soon that it haa not 
the most remote agency in giving it its elevation, ivo foci 
conridcnt that the weight of tlie suspended eohunn docs not 
weigh a eoUimn of air of its own area. 

If Avatcr he suhjeetod to pressure in a oyliiidcr by a pis- 
ton acting on its upper surface, tho riso of wator issuing or 
sustained by tho pressure is rncaaurcd by tho whole amount 
of the force of the piston, as in the case of a foroing-punip. 
If the atmosphere presses on the surface of water in a pond, 
or in a small vessel, the prcssiivo is moasarable by Hie force 
acting on tho whole suvfoeo. A pond a mile in area hoars 
the prossuro of a coUnnn of air a mile in area ; and tho 
water in a sinatl vessel heai-s the pressure of the column 
over it. On this principle only can wator bo acted on by 
the air, and any variations of pressure arising frani atmo- 
sphciio changes would esprcss the variations of the weight 
of tho whole volunic of air over the pressed surface. 

Tims far wo havo considered the limit of extension of 
fluids, and appear to find that this limit is not determined 
by the gravitation of tho fluid, since the qnantity sustained 
Hudor the eamo circumstances may be one ponnd, or one 
thousand pounds ; nor by the gravitation of tho air on the 
exjxised surface of tho fluid, since this may bo one inch or a 
thousand miles in area ; nor by any virtue or ellieaey of tho 
vacuum, since it may be otiually filled, saturated, and tlms 
destroyed by matter of its own volume, whether the matter 
drawn to fill it is light as air or dense as mercury. 'J'hc 
limit is tlicrofovo nob caused or defcrmiued by tho gravifatr 
iiig (jowcr. 

AVc advance to a farther consideration, — to create flic 
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liitiit, it is not necessary tliitt the ituid ho confined in pipes 
01' vesscla. 'Water out of pipes, Hnconfincd, in tlic free air, 
oljoys tlio law. 'i'lio waters of tlie ocean respond to tliis 
Hunt. Watcr-spouta, witli mingled air, may raise a broken 
cohinm to a liighcr range ; tlio waves may dash tlicnisclvcs 
fartlicr \\\) on a rocky coast. Wave may be formed on 
ivavc, a new limit of extension may pcrliajw be formed upon 
the original limit, an ocean wave upon a tidal wave ; but 
recorded events always givo a heiglit of the lise of floods, 
^^■llicll denotes the bound assigned by nature to the lica])ing 
u|) of the watei-s, 

It is difficHlt to measure the height of a wave, and impos- 
sible to separate exactly the unbroken water from tiie crest 
which is mingled ivith air. Vfo know, however, that the rise 
of waves is less than thirty-four feet in the most violent 
storm. One nicasHroment taken in a long-contiuHed heavy 
gale gavo tliirty-two and a half feet from elevation to de- 
pression ; on striking a ivall of rock, the unbroken eohimn 
ascended sJxty-five feet from the level of the ocean, dashing 
its spray nuich higher, 'i'iie extent of the rise of the tide 
in the bays of Kundy and of St. Male is said to be sixty 
feet, and the reference to lieiglita of which tho simple limit 
forms tho root or mnltiplc, in tho st-atomonts of the rise of 
floods, is so frequent as to indicate sonio principle. 16 is 
certain, however, that tlic waves of the ocean have a fixed 
limit corresponding to tl>e limit of the extension of ivater in 
tubes. 

'L'he isolated fact of the limit is thus advanced to an uni- 
versal principle ; for it has never been imagined that an 
)mc(jual atmospheric pressure causes the rise of the waves. 
AVhcnever a fluid is so placed that its degree of extension 
upwards and downivards can be changed or modified, when 
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it is fi'ce to assume its own jiositioii, it obeys Hio law of liiiiit, 
To give it a greater extension as one mass, it must be re- 
etraiiicd or confined. Its spread or dilation in breadth must 
1)0 prevented, citlvor artificially as in tubes, or naturally as 
in a containing basin. Us base must be cut oi!', — it nmst 
bo separated from other volumes of t!io same fluid. ^Vater 
can bo elevated to any height by the lifting pump, or by the 
application in any manner of force boncalh the volume of 
water to be raised. But if the force bo applied from above, 
as in the atmosplierio pump, or in any manner to a body of 
water remaining in eoimcetioii ivilh other water, tho force 
applied is convoyed away from the special volume to the 
whole volume ; a portion thcroforo cannot bo elevated. It 
must (ii^st be separated, that the force applied may act upon 
it. It will then rise ; but before !ho separation the force 
applied is commmiicated to tho wholo volume. It is thus 
that separated volumes niay be lifted to any height, if sufR- 
ciont forco be used ; and this explains the fact before alluded 
to, that, when air was admitted into the pump by a perfora- 
tion in the tube, water was lifted beyond tho limit, sinco tlio 
air Keparatcd tlio one volume into detached portions. 

The limit of extension is tliercforo tlio degree to which 
fluids can be drawn upward in an unbroken column. It is 
tho limit of the inecjuality in the distribution of tho forco of 
rotalion, which will remain when tho excess can bo trans- 
ferred to another portion of the same volume. It is the 
limit of elasticity of form ; for while a solid body ever retains 
one extension, ---no ono part of it being susceptible of ele- 
vation independently of the other parts of the mass, to raiso 
one part requiring force suflieicnt to raiso the whole, ■ — por- 
tions of fluids ciin bo drawn up, force, to a limited degree, 
contining itself to tho part. 'Ihns, a column of water can 
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be extended fvom this \o!ume ; but beyond tliis limit force no 
longer confines itsolf to the |)arfc to ^vI!icll ife is applied, bat 
diffuses itsolf thvoxigh the ivliole volumo. Tliorcfovo, the 
'scii Icnoivs its place; the level of the ivatcvs composing 
so largo a relative portion of the globe is preserved, not 
with a dead uniformity, not ivith a rigid llatticas of sui'- 
face, but with constant changea, limited undulations ; and 
the ocean, free to move, yet under the law of extension, is 
as sociu'cly bound, as arc the i-oelty elilis against which its 
rolling surface strikes. 

'L'ho more our attention is directed to the unfathomable 
deep, the more wonderful appears the action of the laws 
which control it. Wa are taught to regard the vaporisation 
of the surface of the ocean as a means by which the equili- 
hrlum of heat is preserved, and by ivhieh tho waters circu- 
late from tho soa to the clouds, from tho clouds to the 
thirsty earth, and again collecting in swelling streams return 
back to tho ocean in a nevei'-ccasing flow. How great tho 
quantity of fluid thus iiv constant change, hundreds of 
millions of tons rising in one day from tho comparatively 
small extent of the IMcditorratiean Sea, tho quantity over 
rising from tho entire surface of tho waters of tho globe, 
from tho frozen polar seas, as well as from the tepid oceans 
of tho torrid Kones, being beyond all estimate ! 

This vaporiKation not only watcr.i the earth, not only 
restores the equilibri\nn of tempci-aturo, those oflccts being 
as it ■jvcre the incidental mercy of tlio law of nature ; but 
it is the preservation of an ecjuilibrium of force. The ocean 
exhausts itself of the strength not necessary for its lovol of 
moUou, the vapor draws off tho excess of energy, and tho 
watcra preserve their equable (low- 'I'hc risen vapor, again 
condensing, slowly imparts a quickening impulse to the slug- 
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gislily moving air, or rapidlj' tlirows out. tiic force in the light- 
ning's ftasli, giving to soiiio portion of Uie earth the needed 
impulse. Ij'or thia reason i» there greater conclcnHation, 
move copious rnin, in IngK lands and mountainous regions,' 
which fi'om their elevation rcqniic the added force. 

No one can contemplate the extent of the oceans of tlio 
globe, — their vastsiurfacc compared ivithtlic land, —wltliont 
being aasiii'ed tliat this iinc(|i)nl distribution is not fi'om acci- 
dent, — witiiout the belief tliat tlicrc is connected with it tlie 
fuvthcvancc of some great design. And when ivo consider 
its relations to force, its strong conducting power, ivo sec a 
I'cason for the ocean's vastncss, and conipreliend its action in 
the economy of nature. Tiioro is a reason too for tlic pre- 
ponderance of water in the southern over the northern 
hcniisphero, wliicli may yet bo discovered by man ; for, 
though land and water seem confusedly mingled as if with- 
out law, not by accident came the position of the smallest 
island, nor the bounds of the paltriest lake. 

'I'hcn again, the waters of the ocean have a molecular 
action, increasing in intensity as they deepen. 'Llie experi- 
ments of Seorcsby, — the well-known fact of tho breaking of 
a vessel containing air when let down to a certain depth, — 
the bursting of a tight, fuU cask, by the insertion of a long 
slender tube fdlcd with walei, — the "y? tiu/ of witei, of 
wSiich mechinies t'lkc id\intagi, m then management of 
watei'-powei , by naiioiung the ipeituio thiough which tlio 
water tlows, — the cftect of comcM ijuEiges, by whiUi tho 
flow of watei fiom a disehaigm^ oufieo is gieatly nicica&ed 
fi-om the transfer of the molecular action into the progressive 
motion of the moving jet, — all these facta together prove 
that there is an inercaso of the atomic action of water pi-o- 
portional fo tho distance from tho stn-face, and that (his 
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change is not-ia (ho JoEist ilcpciwlciifc on a force of gravita- 
tion; for water is almost inoompvcssiblo, and, wcro it com- 
pressor, tlic incroaao of iiiolcenlar action is aUogcthcr too 
rapid for tlic rate of increase of gravitation, according to 
tho (lisfnuce from the centre. 

Tints the \vator3 receive and retain a greater force than 
is needed for rotation, resolving it into molcciilai' action, the 
ocean bcconiing, aa it were, the storohoiiso of force, from 
Avbich it may be gfadualty imparted according as it is 
needed for the motions of tlio various parts of the earth. 
It ia by this pravlsion that force divides or diftiises itself 
eqiially thronghout Uie volnmc of the fluid ; for, as stratum 
after stratum re(|iitrc3 tho less for rotation, the unused force 

.is employed in molecular motion. It is by tliis equal diffu- 
sion that tho movable clement preserves its continuity ; and, 
ivittiout tho bonds of cohesion to hold its particles togcthov, 
it moves with tho earth as one mass, no portion over raising 
itself beyond the limit, or floating in the atmosphere in 
detached masses. AVithont this provision, the air would not 

'1)0 divided from the watci"3, clement would not be separated 
from clement, tho waters could not bo gathered together into 
one place. 

It appears evident, then, that there is in water and other 
fluids a niolccnlar action, which increases in intensity accord- 
ing to the depth, or distance from the surface. On the other 
liand, tlio rotative force increases as it ascends from tlio 
doptlis, being greatest at the surface. One therefore is the 
complement of tho otiicr, oaoU being capable of resolution 
into the other. '.I'liercforo, force is ever equally difl'used 
through the same volume, the aggregate of force being 
evenly distributetl tbi-ough each body of water, whatever its 
depth or extent. It is therefore equal thronghout tlio space 
occupied by the water. 
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How fai' oxtciKis tliis iii'inciplc of the cqwa! distribution of 
force rclativo to space ? Is it univorafti, in solids ftiul fluids, 
from the densest matter to that which mokes the nearest 
approach to a vacuum ? ])o accelerated aiul retarded motion 
talcc place from the adjustments of force, as in diftcront 
degrees it acts m the atoms and in the mass, in the mole- 
cular and the progrossivo motion ? la it a normal adjust- 
ment which gives harmony of movement to the spheres? 
Is motion irrespective of mass ? Has tho rarer medium 
of tlio atmosphere, for instance, an increase of molcenlar 
action to compensate, as it were, for its loss quantity of 
progressive motion in a given space ? '.L'liis indeed opens a 
wide range of thought; hut W'c pause in tlio inquiry. May 
wo not hope that in time to come the intellect of man may 
bo able to penetrate these mysteries, and to find in the 
now comi)Iicatod phenomena of motion tliat simplicity and 
comprohcnsibility, which belong to every domain of natuM ? 
If force bo equally diffused tln'ougb space, and we extend 
the idea of the equality of Wa difl'usion to limitless sjiaco, 
the human mind almost slirinhs back at the coulcniplation 
of this expanse of energy. There is but one step farther 
wliich it can take, going on from boundless force to Ilim 
fron\ whom it is the emanation. 

'I'o return : there is then by fixed laws a permanence 
given to the free-moving olcmcnfa. 'L'licre is a defined limit 
of extension, measured by the density of the tiuid, and by 
the velocity of its motion. Tills is determined by the degree 
of the inequality of forco wliich will bo rotflined by any 
volume of thud, so placed that it can transfer the added 
force. Broken columns of ivator may ho elevated to any 
range of rotation; hut water resting on water asiisbase, 
refuses to extend itself, or to be drawn out above its normal 
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raiigo. Beyond tliis, forco ^viU not eo adjust itself as to 
Itccp it one mam ; if you apply forco, tlio water reeoiveg 
it, l)ut will not retain it. TKc raging aiorm passing o\'er tho 
wido ocean, ovoi" imparting force, gives to tlie water a defi- 
nite range of altitude only, while the excess is silently trans- 
ferred to tho deeps below. Urge it further and further, it 
still refuses to viso,au{l,!f saturated, if it can retain nonioro 
in tho intonsity oE molecular action, tho water at the surface 
changes into vapor and floats upward in harmless cloud- 
wreaths. 

" And God said, I will cstahlisli my covenant with you, 
neither shall all Hosh he cut off ony more by the waters of a 
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ten Word. Undemtood, the lanibow shows tho harmony of 
tbo creation with the voice of God. It practically as well 
as spiritually records the covenant. 

'L'he water ascends from its inimenso ocean bed only as 
tho vapor of the clouds. It cannot rise to dchige the earth. 
Tho flowing stands firm, tho free moving clement is bound 
in chains ; for thoiigh intense force, in its might, may rush 
aeraas tho rolling waves, it will not impart to them tlie power. 
to rise above a fixed limit, except as vapor, and on the 
13' 
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clouds the covoimut is written in tlio vivid colova of the rays 
of the SU11. 

Devoutly thankful shoxikl wo ho «'hcii reason thvis re- 
echoes the voieo of God, — when seicnco, in her fecblo 
>jttci'ance, vopcat-s the declarations of Scripture. 

^^'o cannot, witli the tliought of this connection, leolf upon 
the bow in tlic clouds but witli increased deliglit, and with a 
stfcngtlioncd rcvci-oncc fov the written Word, — with some- 
what of the fccHng which prompted the exclamation of Cole- 
ridge, " What a mine of undiscovered treasuroa, what a new 
world of power and truth, docs the ]Jib!c promise to our future 
meditation, when in somo gracious moment, one solitary text 
of alt Its inspired contents dawns upon us in the pure un- 
troubled brightness of an idea, which even as the liglit, its 
material symbol, reflects itself from a thouHand surfaces ! " 
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Wi-; contiuHO OHv examination of the action of force upon 
Jliiidfi. Oiiv views Itring \is to tlio conclusion Ibat (here is 
no weight or pressure of the particles of water against each 
otiior, against a containing vessel, or against a foreign boily 
immovscd, other than ari3e3 from tho force of molecular 
action, ivliicli manifests it-self under certain circumstances. 
AVo do not believe that gravitation presses togetlior t!\o 
particles of water, or presses them against an immersed 
hody. 

This proposition at fii^t sight appeal's to contradict the 
generally received opinions on tlic subject. It is not so. 
Though expressed in diftbrcnt langtiago, our proposition is in 
harmony iviUi established views, 't'hc law of gravitation is 
modified in ita application to (hiida. It is said, " tho par- 
ticles of (luids gravitate indcpondonUy of each other, not 
only downwards, but upwards and sideways." " The press- 
ure of fiuids is c(jual in all directions, being founded on the 
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complete intcvmobility of the particles of the flukl, mid on 
the equal iiropagatioii of pvcssHvo in ovovy (livcction." 
"Wlioii a fluid is at rest tUo prcsSHvc wiH 1)0 nothing, be- 
cause tho opposite tlond pressures wilt be ccpial." 'L'heso 
((uolations arc fi'on\ tlio liighcst authority, and completely 
prove tlie proposition with which this cliaptcr commences, 
so far at least as relates to any result from the pressure. 

Aclmitting, however, the theory that tho atoms of water 
do press against each other, and against an immovscd boily, 
the prossui-e, if it is equal in every direction, cannot proceed 
from an attraction of gravitation drawing towards tho centre 
of tho oarth. Vi'hy this equal pivsauro, of tho osistenco of 
which there can ho no proof, is attrilmtcd to a force acting 
downward only, does not appear, 

A consideration of tho weight of a mass of matter rigidly 
at one level, or of tho pressure of oi\e mass against another, 
or of the mutvial pressure of their atoms when relatively at 
perfect rest, involves what may ho called transcendental 
dynamics. It trcaf-s of a tendency to fall, a tendency of 
tlio iKirticlcs of matter to move against each other, which 
18 followed hy no action. Tlie tendency to fall, of a body 
sccwred so rigidly that it cannot be moved, can never ho tlie 
subject of experiment. AVc can ineaswrc force only by 
resultant motion, 't'hcre is no force of descent unless tlioro 
is a descent. A body secured at one level at perfect rest, 
would feci heavy only by tho upward pressure of the hand 
against it. Suppose a body which hy its fall presses a spiral 
spring, tho weight of tho body is its force of descent upon the 
spring, which, if it have not force of elasticity enough to 
throw it baclc, will remain compressed. '.I'lie compression is 
a change in the position and arrangement of tho atoms com- 
ppsHig the sprijig. !L'his comparison ivill indicate the reason 
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of tlio feeling of pressure in Hic Iiiind supporting any mass 
of matter. 

We will suppose a vessel ten foot high containing water. 
Vmm nn apevtuvc near tlia upper surfaco the water ^¥iU 
run with but little force, falling down almost perpomlic- 
ularly ; from an aperture in the midcUc it spouts witli con- 
siderable jwwer ; and from ono at the bottom tlio flow is 
■svith greatly increased energy, 'llic jet is horinontal in 
proportion to the distance of tho orifice from the \ipper sur- 
face ; its force is in proportion to the descent of tho wafer 
inside the vessel. There is little or no force of descent in 
tho water floiving from the upper oriiicc, — the whole force of 
dcsaont is in that llowing from tho lower opening. It is the 
force of descent ivhieh impels the water, not abstract weight 
or tendency to descend ; for a pound of water at tho surface 
lias as much dc'^iie to go down, is as nuieli attracted, as a 
pound at the bottom of the vessel, that ia, neither is at- 
tinctcd to the eaith JIattcr itself ia inert, without power 
to move 01 tendency to niovo. It obeys tho law of force, 
and if absolutely at rest it is without force ; nothing can ho 
■iflitmed of it, but that it;is, — the fact that it exists in 
^pice "ffo pioccoil to more practical ilKistrations of the 
pitssuio and equihhrium A fluids. 

We will doserit)0 from nature. We wore leaning on tho 
rail of a bridge, a few rods above which rose a dam about 
ten feet in height, which held hack a pond of water extend- 
ing beyond the dam for at least a mile. 'l"hc dam was per- 
haps two hundred feet long, it was old and dilapidated, 
and from between the logs there wero at every height 
countless jets of water. On tho top of the dam was a flash 
hoard, — a plank placed edgewise, slightly secured, to in- 
crease the height of tho dam. At one place this flash board 



I ..Google 



164 OIjXMXKS Of A SYS'fKM OF 

had givon way, and tlicrc tlic ivatcr jjom-cd ovei- the dam in 
ail wibvokcn s!\cct. AYo ivill look at this dam with its many 
jots of water, tlie broad sheet tuml)Iin<; ovor a part of it, to 
understand the natni-o of the prcsauro of water. It will give 
113 the truth, if observed with minds free from all predeter- 
mined theories. 

In the first i)lace, wo see that tho water docs not press 
eqimlly in all dircclions, upward, downward and sideways ; 
for the Jowor jets of water issue with much more fiirco 
than tho upper jots. There is a gradual diminution of 
pvc^uTO from tho lowest to tho highest ; tho top of tho 
water falling over the dam does not ijross at all, for the s\n'- 
faco retreats, forming a curve, 'i'ho pressm'o increases 
from tho swrfaco to the bottom. IHuids do not gravitate 
ecpially in every direction, or the force of gravitation would 
have thrown out ccpial jets froni tho top to tho bottom- 
Perhaps the water gravitates downward only. That cannot 
bo the case ; for then there would be no lateral press\ivc, 
but at oaeh jet the water would (low nearly without force. 
One other thing is certain, tha*. this groat volume of water, 
tn'O hundred foot broad and a milo long, docs not press 
laterally with a weight in projiorlion to tho mass of tho 
heaped up water. So weak an inclosuro could hardly hear 
a ton's ivcight. 'riiorc is lateral force then only in that water 
which runs over the dam, or escapes throngii tho aportui-os. 
I'hat ivhich is at rest can have no pressure ; for, if it tiad, 
tho weak barrier would be overthrown. 

Suppose a stone iveighing one hundred pounds, pressed 
equally one very side l)y springs. AVith the pressure of 
tJieso springs it weighs just one hundred pounds as it did 
without theni ; for the action of one spring noutraliKes the 
pressure of tlio opposite spring, so that the "gravity" of 
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the stoiio is not cliaiij^cd. A\''o will tako away tho springs 
and weigh this stone inidcp n-ator, which by thcovy presses 
on it as did tho springs, equally in every divection. It hna 
lost weight, — therefore watoi' docs not press equally in all 
directions on the stone. Nor does the water press down- 
ivard only ; for in this case tho stone would weigh moro iit 
water, " liaving to boar not only its own shore of attractive 
force, but the weight of all the strata (of water) over it." 

How, then, can wo ascertain the spceirio gravity of the 
stone on both or cither of the two laws of the gravitation of 
ikuds ? An e<jHal pvossnro on all sides would bo " dead 
prcRsure," and tho stono would weigh the same in water as 
in air. A vertical pressure would increase its weight. 

AVc once heard two men disputing on this eubjoet, one 
all'ivming that a stono did weigh less in water, because he 
had often tried it ; tho other aflirming that it could not 
weigh loss, " for yo« sco," said ho, " tho stono is as much 
drawn down by gravity in the water as out of it, and tho 
^vatcr cannot \\{t any, when there is more water over it 
bearing down than under it lifting up." 

In fact, on citlicr or all of tho principles affirmed to ac- 
coimt for the pressure, the change in tho gi'avity of tho 
stone cannot be explained. It is true that tho stono dis- 
places a quantity of water equal to its bwlk, but this fact 
neither increases nov diminishes tho forco with which the 
earth attracts it. AYlmt is tho action of tho surrounding 
water? How does it press on the atone? J)ownward 
only ? Surely not ; " fluids press equally in every direct- 
ion." Kqually on all sidca? Then tho "opposite dead 
pressures " must entii-ely neutralino each other, and liavo 
no eftcct whatever. 'J'hc decreased weight of tho stono can 
he accounted for only on some new principle. 
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^\'<3 -will bring llic pressure of ivatof io an iufnlliljlc test, 
tliat of our sonsc of touch, — our honest povccptious which 
favor HO theory ivliatevcr. Itniiicrso tho Jiand in watci' ; 
ii\ the aet of iiumorsion yi'csstive is felt, for tlie water is 
moved by the iutfotluetion of Uio band, butwlicn it is at 
rest in the water uot the least pressure is cxpcrieucetl. 
Place the hand near a smalt orifice from ^vbich ivatcr is 
issuing, and pressure ivJli be felt because there is a motion of 
the water. Stop the orifice with the pahii of the hand, antl 
there is no pressure ; for tho water has ceased to How. 

"SVo now pass to the consideration of tliat action of fluids 
whicli is called the hydrostatic paradox, — an inci'casc of 
pressure which is not in pi-oportion to tho force applied, but 
is in pj-opovtion to tl\o surface of the pressing ihiid. A 
muUiplieation of prcsrauro is apparently produced, — an 
clFoot greater than tho cause, — by some supposed myste- 
rious "principle of Huidity" applied force in some cases 
increases its power according to tho extent of the surface 
against which it act9. 

It is said that " tho true laws of the e(|uilibrium of fluids 
wore discovered by Arcliimedes, and rcdiscovei-od by Galileo 
and Stovinus, the intermediate time having been occupied 
by a vagueness and confusion of tltbught on physical sub- 
jects." Tiic doctrine is that, as a fluid is a body, tho par- 
ticles of which liave a perfect intcrniobility, " therefore all 
pressure exerted on one part is transferred to all other 
parts." SteviuHS deduced froin this principle, that the 
pressure on tho bottom of a vessel filled with fluid, may be 
greater than tho wliolo weight of tho fluid. And it is also 
deduced, that the prc^uvo may diverge, and may bo midti- 
plicd in every direction. Pascal shows, in his Treatise on 
the I'lfj^uilibrium of Fhtids, " that a fluid inclosed in a vessel 
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nccossai'ily pi'osses c([»nUy in all directions by imagining 
two i)istons, or sliding plugs, applied at diftbrcnt pavls, tho 
sui'faco of one being a liundrcd times greater than the 
other ; it is clear tliat the foico of one man acting at tlio 
first piston, wil! balance tho force of one hundred mon act- 
ing at the other." And Iherol'orc ho conehidos that, " a 
vessel full of water is a iHacSiine which ivill multiply force 
to any degree no choose." 

'l)io apparent multiplication of pressure i^ indeed a diffi- 
cult subject to gi'asp or eompi-cliend. 'I'ho oxplannfions 
given of the facts aro far from being clear. This seems to 
bo admitted ; for, as lYhewcll rcntarks, " tlicro is a difiioulty 
of holding fast tliis idea of fhiidlty. .liven at this day, men 
of groat talents not uniiimiliar with tho subject, sometimes 
admit in their reasonings an oversight or fallacy with regard 
to this point. Tlio importance of the idea when clearly 
apprelicnded and sceurcly held may be judged of from this, 
that the whole science of hydiiMtaties, in its most modern 
forjn, is only the devolopment of this idea." Jiut lias all 
" vagueness and confusion of thought " on this subject 
passed away ? Is it now clearly understood how tliero can 
bo an equal pressure in every direction, ajid at tho same 
time the pressure be increased according to depth, and 
again multiplied aceoi'ding to surface ? 

'I'lio facts wliich are su})po.sed to prove tho multiplication 
of pressure in fluids arc, tlio elevation of a great weight by 
a less weight of water, as in tho hydrostatic paradox, — the 
bursting of a full cask by the pressure of a very small quan- 
tity of water ponved into a long tube inserted ii\ it,' — and 
the lloatlng of bodies in water of less weight than tlie mass 
that is buoyed up. 

The hydrostatic paradox, as it is called, may be exhibited 
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In tlio follo\¥ing manner : Insert a long slender twbo into a 
oylindor ivitli a movable {(iaton ; pour water into tlio tube, 
and tlio piston will bo olovatcd by it ; if tho tubo holds only 
a pound of lyatcr, and Ima an area only one ImndrcdtU part 
as great as that of tho piston, tlio pound of water iiouvcd 
into tlie tnbo will elevate a lunidrcd poniuls placed on the 
piston. Tho same action is shown in the !l3ramah press, by 
ivhich a great pressure is produced by gradual incromenla 
of force, from water driven into a largo cylinder by a small 
forcing-pump. 

'J.'he explanation winch is usually given of these facts is, 
" that as tho presswre of tlie particles of liuid is ecuiaily dis- 
tributed among thomsolvcs, so external force or pressure is 
distributed in tho same ^vay." . . " In the hydrostatic press 
an innnensc accumulation of force is brought to bear upon a 
particular point, by pressure ajjplicd by a small colnmn of 
water reacting upon a largo mass placed on the surface of 
the j)iston." This explanation is hardly more than a recital 
of tho facts ; how oV why the small column of water should 
react with a force proportional to tho surface against which 
it is applied is not in the least explaipicd. 

Tho fact that tho weight or pressure of one pound of water 
may bo made to produce a pressure eciual to that of a lam- 
drcd or a thousand pounds, is in reality no more paradoxical 
than that one pound on tlio lopig arm of a lever should 
balance a greater weight on the short arm. Its action is 
similar to that of other mechanical powers. There is no 
increase or nudtiplication of tho applied force. 'I.'hc doseont 
of every pound of water gives a spare force of descent sufli- 
cieitt for tho olovation of a iiound weight. It will raise a 
pound to the same lieiglit from which it fell, or one hundwd 
pounds yIo- of the eanie height. 
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But tlio force with wliich the weight is vaiscd depends also 
in part on the area of Hio surface of the piston. It is equiv- 
alent to tlie force of a descending column witli an area equal 
to that of the piston. 'Jlhat is, the weight is raised with a 
force as groat as if the area of the descending column were 
equal to its own, while tite extent of the elevation is proixii'- 
tional to the volnme of the water which descends. The 
extent of the area of the descending column does not change 
ttic force of ascent of tUo column acted upon ; whether it is 
of one inch or ten inches area, the cflbct produced is the 
same. 'I'his constitutes tiio paradox, and it is this fact 
wliich requires explanation. 

AVo consider this fact as strong proof of the correctness 
of our hypothesis regarding the nature of the molecular 
action of fluids. J'lvcry volume of ivater has its molecular 
force equally dift'HSod through it. 'I'his force must of course 
be the same in the cylinder as in the tube, because from 
their connection they form one volume, while without tlio 
connection the force would 1)0 dillercnt in the two columns, 
on account of their diflcring depths. 'J'ho molecular force due 
to the greater depth of the long column is diffused through 
the loss depth of the water in the cylinder. And, being 
equally diffused through this body of water, its action is of 
coiu'sc in proportion to the area of the wator. The abnor- 
mal molecular action of the shorter column comes from the 
equal diffusion of the normal force of the longer column, and, 
being abnormal in the shorter, it is converted into progross- 
ivo motion. Of course, the force of the progressive motion 
acta upon the whole surface of the piston against which it 
is applied. 

^Yo will endeavor further to explain this idea. In the 
long slender tube tho force of molecular action is in propor- 
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tion to tlic dcpHi of tlic water that it coiitai»3, but it equally 
difttisea itself in the water of the cylinder ; this diffusion 
gives aT! abnoi'inal fofce for tho depth in the cylinder, and 
it is therefore clinngcd into iivogressivc motion, wliicK is t!ie 
force for elevation. In other words, it is the height of the 
column which dotcvmincs the force of the pressure, and tho 
quai\tity of water falling which dotcrminos tho extent of tho 
elevation. '.I'hc reason that tho foi-co of elevation is in pro- 
jjorUon to the area of the surface of tho water which lifts 
tho piston, is that tho force of nsolccnlar action which is 
changed into progrcsaivo motion is determined by this area. 
'I'hc idea may bo ilhistrated by comparing the molecular 
force to spiral springs placed beneath the piston, the num- 
ber of the spriuf^ being determined by tho extent of tho 
surface against which thoy arc placed ; of courac, tho larger 
tho surface, tho greater tho number of tho springs in action 
under it. Ilcnco, " the force of one mnn may bo made to 
balance that of a hundrod men;" for the "reaction" is the 
joint force of the ono hundi'cd and one men c(sually dis- 
tributed. And lienco it is, that " not only docs the pressuro 
diverge, bnt is in all directions exactly cqisal, an ccpial 
extent of the flnid being taken." 

It has also been deduced from this idea, that, if any fluid 
in a cylinder bo pressed by a piston, the force which moves 
the piston boars ivith the same power on every part of tho 
surface of the cylinder. Kor instance, if tho area of tho 
pistoii is ono foot, and it is acted upon with a force of ono 
hundred pounds, and tho cylinder has an area of eight foot, 
the one hundred poimds of pressure would be multiplied into 
eight hundred pounds, to give tho one hundred jminds press- 
ure to each foot of the cylinder. But it is not so. 'I'lio 
one hniidred pounds force is not in the least increased by 
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the s'lKC of the oylindov, and is equally distributed ovcv tlio 
whole siirraco. 'L'ho mi^talvC has avisoti fmm tlic fact, that, 
if the cylinder ia ojiencd at any part, tlici'c will the whole 
foreo concentrate itself; and because it can always be 
brought to any one jioint, it hag been supposed that it acta 
with its wliolo force at evoi-y point at once. The molcciilai' 
force is converted info progressive motion only where it acts 
against that ^¥hich is inovablo ; it oxerta itaelf where there 
is i-ooni for motion. AVtion confined, the force is equally 
distributed thi-oughout the containing vessel ; when suil'cred 
to cscapo, its wiiole strength is transferred to (he place 
where tiioro is room for motion. Tap the cylinder at any 
part of its snifaco, and thonco the fluid issues with the force 
\vhicU theory assigns. Let the boiler of a steam-engine 
hurst, and at the rent will issue the force which theory has 
made present at every part. 'I'hc belief, however, may 
havo had a good practical result. The mechanic, on its 
assumption, gives to his cylinders a strength in every part 
capable of sustaining (he wliolc pressure, 'l'ho yielding of 
any part of the containing vessel concentrates the force at 
Oiis point of comparative weakness, where tiic molecular 
uction of the fluid can chango itself into progrossivo or con- 
i!Cntaneous motion. 'I'lie force ajjpHed is neither inorcased 
Hor diniinislied by the extent of surface against which it 
auis. It is an invariable quantity, and is equally distributed 
throughont the containing vessel. 

Jt has been a matter of great surprise to practical me- 
chanics, that steam-boiloi-s havo continued to work aafcly, 
when worn so tliin that it appeared impossible that they 
should bear tho pressure which theory assigned. It was 
recently mentioned to me by a friend, a gentleman of great 
practical experience, that lie had just examined the boilers 
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of a. very powerful engine, lyhicli liact been taken out for re- 
pairs, and was exceedingly astonished to find them eo worn, 
so much cormdod, that in some places lie conld indent them 
with a slight prcssnro. 

'I.'he forco of molconlnr action, however, will not account 
for tho buoyancy or lioating of bodies. 'I'lic water around 
them is of equable deptli ; there is no confinement or unequal 
proEsnro to produce an increased molecular nction in any 
one part of tho volume of water. 'J'ho molecular force exists 
in its normal stato as the counterpart or complement of tho 
rotative forco. Nor is buoyancy produced by tho gravitat- 
ing power ; for, as before observed, bodies will float in water 
of less i\cii;ht than thora^elvos. riaco one cup within 
another so that their surfaecs will bo nearly in contact ; 
pour between thcui a little water, not one lialf as nnich 
a-s tho weight of tho inner cup, and tlic cup will bo lifted, 
and will float. Tt is a perfectly established fact, that ships 
do not rcquiw to lloat thom a quantity of water equal in 
weight to thcmsolvea. 'I'ho water in repairing-docks, for 
instance, may bo far le-^d in iveight than the aggregate 
weiglifc of tho floating ships. 'I'bis fact is in direct 0))posi- 
tion to tho law of gravitation. It cannot be reconciled 
with it ; for the greater Height should be drawn down, and 
should displace tho less weight. I'Jvon in the paradox tho 
gain of force is apparent only ; it is like the action of tho 
lever; a larger weight is raised only in proportion to 
the change of level of a smaller weight, tho quantity of 
motion being tlic sanio in both. By no mocbanieal contriv- 
ance, whether it act on fluids or on solids, can there be a 
positive gain of force. A pound cannot, by its pressure or 
by its fall, sustain at or lift to its own level more than a 
pound. 
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If (here is a gravitating jiowcv, it vnust act on tlio same 
mass, at the same distance fronj the eciilvc of attraction, 
witii iiniform intensity. A cubic foot of water ivill invaria- 
bly bo acted upon with the same poAVcr. In fact, a nicasnvo 
of water form-s tbc standard of weight. Knowing therefore 
the weight of a body to bo lifted up, or to bo lield shs- 
ponded, the quantity of water, which would be draivn doivii 
with Buflicicut force to bury up the mass iminevscd in it, 
could bo cxaotly calculated. 'I'ho weight of the water 
wonld measure its pressure, — • its cft'ective force, — - its ele- 
vating capacity. 'I'hc extent of siirfaco aj;ainst which it 
acted could not alter its eflieacy. If, therefore, in the phc- 

10 c a of 1 0) a c^ tl o heavier mass goes np or rcmaina 

1 1 a 1 1 tl 1 "i t „o lo vn or remains down, gravitation, 
ict t e tl e 1 cctly o lirectiy, cannot bo the cause or 
\ cilcbj 1 el 1 o\a cy is produced. 

It g ell k tl t tl displacement by any floating 
body, a ship, for instance, of a {[uantity of water equal 
to its own weight, is the necessary condition of ita buoyancy. 
But the displacement of the water is not tbo cause of tho 
buoyancy, fhorc is no virtue or efficacy in tho place from 
wlilch tho water is excluded. 'J'ho pressure which gives 
support nnist be outside; it niust be in the water around 
the ship. If it is supported by tho gravitation of tho water, 
by its pressure against the ship, the question is, on what 
principle does tlio pros'^xnc act ? '.llio extent of the pressure, 
as wo hive scon, is not determined by the quantity of tho 
SHuoundm^ watoi 'Unt may bo more or less. Nor by 
tho depth of the spice ni water occupied by tho floating 
body foi it nn\ In, \udc and shoal, or narrow and deep, 
and )Ct tho qnmtit) ot \^fttcr displaced be the sanio, Nor 
is tbo pressure determined by the extent of siu'face exposed 
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to it. Bodies of (tiftcrent surfaces may yet oxcludo tlic 
same quantity of water. If tlio pi'cssurc, therofoi'c, is (letev- 
niiitcO ncitlicr by the (luantity of water, nor by ils doptli, 
nor by the extent of sutfaco pvcscntcd to it, jvrnvitation is 
not tbo cause of buoyancy. 

'l-'ho fact of buoyancy is, \vc tbiuk, susceptible of oxplana- 
tion on onv principles. AVc will suppose tliat a vessel con- 
tains one hundred pounds of water, and that thei-c lloafs in 
it a block of ivood ivoigliing two Iiundred pounds, AVc will 
mark the level of tlic water. '.L'ake out tbe wood and pour 
in two hundred pounds of water, and the level remains as 
before ; tlie water added, or ratlier two Juindrod pounds of 
water, occupies tlie place of the wood. It acts and is acted 
Hpon just as the wood acted and was acted upon. It is in 
tbo place of the wood ; that which supported wood now 
supports water. Knlargo the vessel, and pour in water 
enough to inako the level tbo same as before. The two hun- 
dred pounds of water or of wood retain the same place with 
a greater thickness of the strata at the sides. And reverse 
it, — narrow the vessel, and take out water, — the wood floats 
as before. 'I'he support neither of the water nor of the 
ivood was owing to the (piantity of water ai'ound it. 'i'lio 
floating body then docs not rcmaiii suspended from the 
weight of the water in wliich it floats. 'L'hcre is no tendency 
in the water to crowd it out of its place, nor any to hold it 
in ils place. A floating body has no tendency to sink or to 
rise. It is not attracted downwai-ds. It rests self-poised. 
It preserves its level because it has tlio rotative force of its 
level ; it floats because the rotative energy is equally diffused 
through itself and the water. A ship has no ivcight on tho 
water ; she does not bear upon it ; tho hand placed between 
her and tho water wonld not be in the least comprciwcd. 
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Slic is not atU'aetcd downwai'ti by gi'avUation, nor is tlic 
watoi' fltti'aotcd upward against !ior. 3iut if siio descend 
fram her level, she has force of descent, as have all falling 
bodies. She then beara upon the water, moving it by licr 
force of descent. 'I'ho hand nndcr lier ivoxdd then feel a 
pressure She lloats hs her weight of water wonld float. 

Her motion, her rise and fall, is an oscillation which 
corresponds to tho oscillation of the waves. This vortical 
motion is the transfer and rotransfor of rotative force, her 
moan level of rotation being stilt preserved, 't'hc wave, 
rising by force robbed from the jiassing wind, transfers fovco 
to the sliip, which also rises ; this force expended in the su- 
perior level, she pauses a momont, and then falls with accel- 
erated foroe, till again met by the risin,^ water, — ever float- 
ing as the body of water whoso place she takes ivould lloat. 

A picture is hcantifHl bceauso it bears tho impress of the 
artist, — bceause on the canvas has been laid tho idea of 
his mind, — because by tlio drawing, coloring, and com- 
bination, ho declare!) tho thought which engrossed him as 
ho sat at the easel, 'fhns nature is beantiftil, when in ad- 
dition to the mere outliiio, tlio form, tho color, niiioh tho 
oyo takes in, tho mind pereoivoa also the cliavacters, the 
language which doclat'os tho power and wisdom by which ifc 
was eonstitntod. 

In this point of viow bow beautiful is a ship, borne along 
on the wings of tho wind ! She is not a move combination 
of wood and ii-on, of coitlago and canvas, but she ropresenta 
and proclaims to hb nnscon force, -- tlio laws of tho c!omonf3. 
Hence tho sailing of a ship becomes of absorbing interest ; 
ehc is full of lifo, upborne by innate energy, as sho bonds to 
the brecKc, leaps joyously over the waves, or sternly defies 
the power of tho storm. 
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AVo rofoiTed, in tho first pavt of this chapter, to tlio impos- 
sibility of cxplftiiiiitg what is called speeifio gravity, accord- 
ing to the theory of the gravitation of fluids. Tlic weight 
of any mass of nmtter ia supposed to inoasuvo exactly the 
dcgrco of atfraclion which tlio cartli exercises upon it. 
Wily should tho attracting force bo lessened ivhon the hody 
is placed in water? If an immersed stono were pressed 
down by tho water, its weight would be increased by tho 
immersion ; or, if tho lluid pressed npon it cqiinny in every 
direction, its weight would remain the same as before. If 
tho pressure npon it were upward only, its loss of weight 
might bo acconntod for. AVo explain tho loss of weight of 
a body imnieracd in water in the folloiving manner : 'i'ho 
force which gives certain degree of n\otion to a body is moa- 
auvablo by tho quantity of matter that tho moving body con- 
tains, each atom receiving its due i)roi)ortion. It follows 
that the force required for any determinate degree of velo- 
city depends, not on tlic volume of fiic body, but on its 
density. Tho force required to move any body, therefore, 
is in proportion to the quantity of matter which it contains, 
not to its bnlk,— fo its atomic strncturo, not to tlic spaco 
that it occupies. Tho force neodcd for tbc motion of a body 
in any direction being ascertained, tho quantity of matter 
in the body relative to tho space that it occupies can also 
bo ascertained. 

Tho force of rotation in bodies at tlic samo level beiiig in 
direct proportion to tho quantity of matter whicli tlioy contain, 
all bodies, large or small, dense or porous, in falling having 
spare force proportioned to their quantity of matter, should 
move downward with equal velocity without roforonec to 
their bnllt in relation to density. This is the case with 
bodies falling in a vacuum ; a feather falls as quickly as a 
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Ijiillct, ]!iit in Ijoclica falling tlu'ongh tlio atmosi^licro, the 
greater tlic bulk relative to density, the less ia tlie compar- 
fttive velocity, and in falling thvoiigK water tl\o retardation 
of velocity is greatly increased, Tlicso resnlts are xiswally 
tlnis expressed : " 'Oio greater the bulk of the body com- 
pared with the matter it contains, the more the air or ivatcr 
resists the fall, and tliei'eby decreases tlic velocity." Throw 
aivay the consideration of velocity wl el s t eft ct, and 
the statement ia moro simple. In a ac t! o Joreo of 
descent relative to tho matter is the sa o all I o 1 s, large 
or small, light or heavy ; in the alii os) I c o i ] t of tho 
force derived from change of level ia t sfo c I to the air, 
and there vcmains less force for descent ; in the water a 
still greater part is transferred, and still less force remains 
for dosccnt, The force transferred to the air is exactly that 
degree which is required to move a voKime of air of the bulk of 
tlio inoving body, throngh the same extent of space, and with 
the same velocity as that of the falling body. So tho force 
transferred to the water ia that which is requisite to move 
an equal body of wafer through tho space described by the 
fall, and with the velocity of the fall. In tho descent of a 
body, tlicroforo, through air ov through water, it moves, in 
opening its path, a volnmo of the (ncdium through ^vhicli it 
passes, of its own bulk, and with its own speed. Its loss of 
force therefore measures the ivcight of its own bulk of the 
fluid through ivhich it passes. 'l.'ho water or air moved 
may bo moved upward, downward, or sideways ; but the 
imparted force is exactly of that intensity, which would have 
raised a volume of air or water of its own bulk as high as 
tho level from which the falling body descended. Konco 
tlio retardation of the fall measures tho weight or density of 
tlic mcdiam, and conversely the density of a stone is ascer- 
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tainod by being wcigbed in water. ^I'bis is an unvarying 
principle. 'I'bo sccniing diacrupancy in tbc fact that tlto 
fail of bodies of great oxtonsion of sinfneo as compared with 
tlicir density ia of less velocity, as in tho case of tbo para- 
chute, is bocaiiso a mass of air must ucccssarily fail witii 
it, as if tiic air and parachute constituted one falling body. 
If a mass of wood falls in a vacuum, its motion downward 
is with all tho force derived fron) its change of level, If in 
air, it will fall, though with less force; for the force derived 
from its descent is suifieicnt to give it its own motion, and 
to raise a (juantity of air equal to its own voluiuc. In water, 
howovor, it cannot fall, for tho force that would be acquired 
by its descent to a lower level, is not sufiicicnt to move a 
quantity of water of ii« oivn bulk. In tho apace occupied 
by tho wood, tho <|uautity of matter is less than it would bo 
in tho same space if fdled with water, '.ilio force of tho de- 
scent of the wood is in proportion to its own density, — to its 
own quantity of matter. In order to descend, it must open 
its path. It nuTst transfer enough of its force to move out 
of tho way tho surrovuiding water, — ^not a quantity at onoo 
equal to its own volume, but a quantity proportional to its 
degree of descent. If tho water of equal bulk contains 
more matter, the sparo force of tho descent of the ivood is 
not siiflicient for any degree of tlie elevation of water ; of 
course, thoro can ho no descent of tho wood. It can only 
float. ]iuoyancy depends, therefore, on infonor density 
compared with the medium in which it is placed, not on the 
quantity of the medium. If a body placed in water contains 
moro matter than tlio same volume of water, it falls or 
sinks. If of equal density with the water, it floats in it at any 
distance from its surface. The case is tho same in air, or 
in any other medium. !IJy weighing a body first in a vacuum, 
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and after^vavds in air, its compai'ativc donsity can bo ascoi'- 
tfliuotl. Ill the floating of a sliip, jiartly in tlio air, partly 
ill tlic water, Iicr density is measured by both, that is, her 
dcgrco of specific weight gives her place between the two 
clctncnts. Ijightcr than her bulk of water, heavier than her 
huUc of air, she neither sinks nor rises, but remains sns- 
pondod at the junction, at the mooting sui-faccs, of the ocean 
and of tlio atniospherc. 

It will be soon that tlila explanation is somowliat similar 
to that which is usiially given. I'hoso who believe in ter- 
restrial attracUon do not think that a stone is loss attracted 
when in water ; they attribute its loss of weight to its dis- 
placement of wator, because the loss is measured by tho 
weight of the quantity of wator that would fill the space 
occnpicd by tho stone. But it is not what a stone exoludos, 
but the (piantity of matter which it contains, which detci'- 
mines its weight, and its atoms remain the samo whether it 
is weighed in is'atcr or in air. An explanation, therefore, 
based upon the theory of gravitation, cannot refer to the 
quantity of water excluded by tlio stone, for the force with 
which it is attracted is not lessoned thei'oby. 'L'ho stone and 
all that it contains, that is, all that is interior to tho medium, 
is unchanged by the medium. [Tnder tho theory of gi'avi- 
tation, there can bo no cause for tho loss of weight except 
the action of that which is oxtorior to the stone ; in other 
words, tho degree and kind of the pressure uj)on it. 

Jiut outside there is no conceivable action of tho water 
induced by its gravity, that can possibly result in a loss of 
weight of tho stone equal to the weight of cxelwdcd water. 
Gravitation, we repeat the idea, pressing the wator down- 
ward upon tho stone, will not give tho result ; gravitation, 
pressing the water against the stone equally in every diroe- 
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lion, will not give it ; nor vtiW a current of watci' moving 
from aliovo to hcnoath tlio stono, foi- under tlic law of grav- 
itation it (Iocs not require a force equal to tlie \veiglit ef a 
given quantity of water to move this water when under 
water, I'or a reason of the loss of weight, tlicvcforo, all, 
ivliatcvcr bo the theory, aixi compelled to go from the press- 
ure upon It to tlio body itself; from tlic action of external 
force, to the force pertaining to the stone ; from the theory 
of gravitation, of external attraction, to the force of motion. 
Our theory, which gives place and position to matter accord- 
ing to its degree of rotative force, docs not require to bo 
changed. 

Tlioro is indcod no reason to be given under the tiieory 
of gravitation, why a atone should lose in weight the weight 
of water which would occupy its place. '.I'hcrc is nothing in 
gravitation by which it can so modify its action on the sur- 
rounding water, as to make it (iross upon titc stone in exact 
proportion to its solid contents, This theory, therefore, 
cannot explain specifio gravity by the attraction of tho stone, 
or by the attraction of the medium ; nor by any possible 
combination of tho two. Gravitation cannot attract tlie 
stone more or less, or the water more or loss, from the fact 
tliat the stone and water are in contact. Nor can tho 
result bo modified except by mutual pressure, atid wc have 
seen that the kind of pressure wliioh gravitation induces is 
totally inatlequato to explain tlio phenomena. 

On the other hand, do not wo present an intelligible and 
distinct explanation ? IVc consider force as having an 
actual existence. In the case of a body falling through 
water, wc show tho source of tho power by which it moves, 
tho force of descent from a higher level, and we trace out 
the division of this force in action. There is so much less 
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in action upon tlio stono, as is transmitted foi' the motion 
of the water necessary for the relative change of place. 
Specific gravity weighs tliis force. Weight ia the force of 
motion. It is not an inconiprehensiWo aljatraotion ; it ia 
not an instinct or tendency of matter to appvoaclt matter. 
Tlici'c is no weight without motion, and the cause of motion 
is the force present in the moving body. Has not plnlosoptiy 
erred in referring to other matter as the cause of all motion 
in matter, instead of looking -whero the motion is for tho 
foroo which pTOtlueea it ? ^Vhy may it not be sui)i)osed 
that matter lias [wwcr b move itself, as ivoll as that it can 
induce motion in otlicr matter ? 

As wo have before said, water is elevated by receiving a 
Bliaro of the stone's force of descent ; in other words, water 
goes up bcoauso the stone goes down. Often, however, 
matter descends hcca\iso other matter ascends. Wo take 
a balloon a.s an instance of this converse action. It is sup- 
posed that a balloon goes up from the superior weight of a 
volume of air of its own sine, — that it is crowded or pressed 
out of its place by a fall of air into its place. Can this 
he so? 

Air cither presses downward upon the balloon, or equally 
upon it in every dircclion. As wo have before said, neither 
nor both of these pressures could produce elevation. The 
current of air from above downward is not established xuitil 
the balloon has commenced its rise ; tins current is there- 
fore a result of the motion, not its eauso. As water is lifted 
by the fall of a stono into it, so air is moved downward by 
tho ascent of a balloon. It is the pccxdiarity of conatriictson 
or of dement in tho stono which enables it to fall in relation 
to water ; it is tho construction or clomentavy constitution of 
tho hydmgon of the balloon which causes its rise in relation 
to the atmosphere. 
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'i'liis klca wo m\\ illustrate hy Rtipposinj^ a balloon lickl 
down by a cord, and a donso body of the same sixe and form 
held up by a cord, eacli producing the same tension of (lie 
cords whicli restrain their niotlon. 'I'licy are at reat. 'i'ho 
air presses on both in the sanio manner and with the same 
foreo. Tho " tondcney " of one to go up, ai\d of the other 
to go down, comes not from the atmosiihovo ; for its prcsaiuo, 
■ being on bodies of the same form and aizo, is of course the 
same on both. IJy dra^ving each of them aside,' — by giving 
{hem an impulse, — they will swerve to and fi-o aa docs a pen- 
duhtni. 'Llic ail' docs not aid thia movemont, but retards it ; 
for both the SMjnging bodies lose a i)art of their force of 
motion by the " resistance " of the medium in wbich they 
oscillate. Doca jfravity canso this converse oscillation, by 
depressing ono gii ing it force for elevation, by elevating the 
other giving it force of depression ? AVlicn tho osciilatioK 
is suspended, if Ibe cords which coniino them are ent, ono 
will commence its rise, tho otiier its fall, before a particle of 
air has moved in relation to cither. If we suppose two 
Clonal rcceplaclos, one fillod with liydrogcn so that it will 
rise, the other «ith a gas heavier than the atmosphere so 
that it win fall, tho external air bearing on each with tho 
same prc^SHro because they arc of equal sine and similar 
shape, wo cannot avoid tho conchibion that the cause of tho 
lise of tho one and the fall of the other depends not on the 
surrounding medium, hut on a positivo diflbronce in the 
structnro or character of the inclosed gaaca. 

ft is im|)083iblc to supposo that gravitation attracts the 
one and repels tho other, or that it modifies the pressure of 
the air around tho one to favor its ascent, and aronnd tlie 
other to favor its descent. The interchange of force from 
the mcdimn to the moving body, or from the moving body 
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to the mediuiii, is a rcsalt of motion ; it is not the iiii{)elliiig 
cause, 

'llio ea\iso of all motion is tlio pvcscneo of fovce in the 
moving body. 'Iho dcgrco of rotative force tletcrmines the 
level of rotation. Foi" instance, liydrogon at its formation, 
at the commenecmont of its soparato oxistonco, possesses an 
intense molceutar force. If iinconflned this foixio changes 
into proKi'ossivo motion, and it rises, exhausting its atomic 
intensity in rotation at the higher level. I(« power of ele- 
vation, and the height of its rise, (lci)end therefore oi» the 
degree of the present force. 

Jink the (luostion returns, what causes some liodics to 
ascend and others to descend relatively to the medium in 
which they move ? Why docs liydrogcn change its force 
of moloeular action into progressive motion at tl»e higher 
level ? Why does the stono give \ip a part of its I'otativc 
force and descend ? In other words, ivliat is the principle 
wliicli governs the degi'ce of rotative force, which bodies 
left free to take their own position will retain ? 

Wo have before noticed the fact that cohcsiou and chemi- 
cal allinityboUi depend upon sympathy of moleeulavaetion,— - 
on tho equality of the difl'iision of the present forco. It Is 
tills which forms all combinations, and dotcrmines the sepa- 
rate existence of nxasscs and of volumes. And as tho forco 
pi'csent in each atom determines its position iii i-olafion to 
other ntonis, in their combination forming masses, tlio same 
principle determines also the rotative position of tho masses. 

Molecular action is the counterpart of pragressivc motion ; 
there is a normal ratio between tboni, 'I'ho degree of rata- 
tive force that any mass or volume can retain if free to 
change its position, depends upon its capacity for molecular 
action. This capacity depends upon atomic structure, and 
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atomic stt'uctiit'o clotovmincs level. Tlic fall or vise of 
IjocUcg relatively to each other, ia dctcrminecl tlicroforo by 
the eomparativo density of the moving innsses. One law 
not only governs combination, but also governs the level of 
rotation. 

Conipavativo tlcnsity, - - tlic quantity of matter relatively 
to the space occupied, -— in other words, capacity for the 
inotion of its atoms, doEcrmines whothor a body rises, or falls, 
or remains suspended, in any mediwrn. And as all terres- 
trial bodies move iu some incdiiim, or move relatively to 
other matter, it is the distance bctivcen the partielos of a 
body, -- its atomie stractHrc, — whicli causes it to rise or to 
fall, or which gives it a relatively permanent position, 'fho 
force of mtation belonging to position is not always the nor- 
mal force of the structure of the body. If, therefore, tbei-o 
19 space for motion, it is moved upward or downward until 
position conforms the rotative force to the normal degree of 
molecular force, wliich ia its counterpart. 'I'lio result is the 
formation of currents of rcvolvlTtg matter, in wliioh there ia 
an equality of the diftuslon of force in relation to space, as 
iTcIl as in relation to densit>/. The result is, the aympa- 
thctic motion of every atom composing tho world, — a reg- 
ular inorcaso of motion from its centre to its outermost 
circle. 

To unfold this principle as far as it appears to us dis- 
tinctly conceived, would require a greater space than can 
bo given in this outliuo. It would be out of place also in 
a treatise designed to present only tho very first principles 
of a theory. AVo confine ourselves therefore to the tlioughts 
ah-eady suggested. A body falls because it is not sur- 
rounded by that medium for which its atomic structure fits 
it; it is not in that stream of revolving matter in which 
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foicc n noDinlly <liftiist.(l H f ilh lOion tlio foicc t,'inc(l 
by (loscoiit 18 not only luOtoieiit fot its doMn^mcl motion, 
but also SHfticicnt to gnf tlio eoi i f siionchng cl^vition to its 
^oiumo of the wnttci by ubidi it is Rvuioumled A body 
rises under analogous comlitioii3, — iyhen it bas forco not 
only for its oivii nscciit to a higlior level, but eiiougb to move 
from ita path i(a own volume of Uio surrounding matter. 
A body rises or falls aeeording to its prosciifc forco, — accord- 
ing to ita atomic structure or capacity for molecular actiou. 

The equilibrium of force, Ibe normal motion of matter, is 
preserved by tbc resolution of tlic uiolociilar info greater 
progressive motion, at a superior altitude, or by tbc dccrcaso 
of rotative forco by tbe descent of a body. !l.'lio forco 
portaiiiing to tbc atoms and that pertaining to the mass aro 
tbns brougbt into coufornuty, wbatovor may bo tbc structure 
of tbo mass ; the great result is barmony of motion, — tbc 
cctuality of tbc diffusion of forco. 

't'lio rise and fall of bodies, therefore, is bnt an intei-- 
cbauge of place betivccn equal volumes of matter. And, 
while the cause of the motion of a body is within itself, as 
to tbo velocity and direction of ita motion, it depends upon 
tho medium through wbicb it moves. Matter inflwenccs tbo 
motion of otlior matter only by an intcrobango of forco, ^ — ■ 
by the transmission of motive energy from one body to 
another. It is force ivhich 

" Sweeps lliFOHgh Iho dull, dcijso ivorld, coiiipolliiiB t'lti'c 
All iiew sncocssioiis lo Iho foniis Ihoy wciiv." 

'l-'hus is tho place and position of all things delennincd, — 
not by tbe " appetite of matter " for matter, — not by tbc 
desire of one fragment of tho world for the pi'escneo of 
another fragment, — not by mutual attraction, — not by a 
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blind instinct of consolidation, kept at times in ftljoyaneo hy 
an equally blind instinct of rcinilsion. It is by the diffusion 
of force, giving tlie position of every atom, tliat the ordci- of 
tlio universe is mninfnincd. Cliange is as normal as pcr- 
manGnco,---flwctitation as nnicli a pliase of perfection as 
stability itself. A solitary rain-drop gives us a glimjiso of 
the law, which in its action clothes the earth with vorduro ; 
the siitldon shooting of a mimite crystal into pei-fect sym- 
uietry discloses the power which gives form and cohesion 
to the world. 

This view carries us again to tho thought which wo have 
before attempted to elucidate, ■ — to our idea of the unity of 
force, — to the oneness of that energy, which under many 
manifestations constitutes the " Iiifo of the Qniverse." 
We hear it in the rustling of the forest leaves, in the roar 
of the ocean, in the thunder of the storm ; wo see it in 
the aurora's arch, in the volcano's blaze, in tho lightning's 
flash ; wo trace it by tho (^clllations of the barometer, by 
tlie tremblings of the magnetic needle, by tho action of the 
voltaio pile; wo witness the full majesty of its action in 
tlio motions of tho spheres. 

'J'his thought, which resolves the powers which move all 
things above and around us into one and the same force, 
ever cii-culating, ever indneing perfection, never subsiding 
into rest, is not a mere poetical idea, a dream of the 
imagination. '.Ihc fact of the unity of force, — tho identity 
of its nature under whatever form it may present itself, •— 
is proved by tho most aeciivato experiments, by the severest 
tests of philosophy. l''iil a metallic plate with a crystallis- 
ing solution, place a horseshoe magnet under it, crystalliKa- 
ilon ensues immediately, and tho line of crystals formed 
writes down the direction of the current of magnetic force. 
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Co)icsion, then, is but one pliaso of forco, — symmoti-y of 
foi-in one of tlic rcaiilta of Uh action. A rain-dvop falls be- 
fore U3. Wo know from tbe cxpoi'lniouts of Varraday the 
exact amount of force which formed It from ita constituent 
gases, and by tho abstraction of wlucli it will bo again 
resolved into its elements. IPurtlioi", we trace in its fail the 
operation of the same forco wliicli gives its rotative and 
revolving motion to tbo world. 

Vov another ilhistration, wo ivonld recur to tbo fact that 
metallic bars, when cooling under certain conditions, are 
thrown into a state of vibration, and emit a nmslcal noto 
like the sound of an coHan harp, and that the same note is 
again beard from soft iron when becoming magnetised. 
Tims the poetry of science is but the revelation of its bigbcst 
truths. Why Bboiitd ive continue to regard the world's 
bcanliful mystery with but one pervading idea, — that of tho 
power of matter to draw other matter into contact with it ? 
As well might we attempt to solve all tho phenomena of 
animal life by tho attraction of tho particles of tho body for 
one anoUiov, or all the phenomena of thought by l}0<Viiy 
Bcn3ation,-"by atomic wisdom. 
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Jhijdin's Vitg'd. 

A For.r, belief in the attrncfivo force of matter causes 
every fact to bo seen throiigh this theory as a incdiitm. 
It tlicvcfoi'c gives colorinj; to facts ; as it ivofe, it corrects 
ohsorvation ; it makes oxjiorimetit conform to what it has 
previously defci'iiiiiicd ought to ho tho result ; it asks, lioio 
discropaiioies can bo explained, not,- -Can they bo explained ? 

IIow tlilfeient the mental proccsa in i-ogai-d to a new 
thcovy. 'J'liC question at once changes its form. It is now, — 
Is it possible that this theory can he tnio in tho very face 
of this or that disagi-eomont with observed facts ? In one 
case, ingenuity cxcrig ilsclf in accountiiig for discrepancies ; 
in the other, in digcovorhtg them. 

W'c will refer to ono illustration of this idea, though it is 
somewhat foreign to the immediate subject of t!io present 
cha])tcr. It is well known that the pendulum altci's its rate 
over different parts of the surface of the earth, in the same 
parallels of latitude. In different mines, too, it varies at 
tho samo depth. Of course, it might bo inferred that the 
force of gravitation changes in intensity. I5nt, according 
to fheory, gravitation is invariable in relation to the same 
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(jiiantity of mattcf. Thcnco it follows, if fhcro bo less 
afti'acfcion at m\y one |!oint, tiiat tlicrc arc cavci'ns and iioi- 
lows in (he earth ; if tliei'o bo more, tlio density of the 
I'ooks near tlio surface is far hoyoiid tlie mean density of 
the eartSi ; or there are " dcitccting eaitsos concealed be- 
iicatii the sHi'faco of the soil." Wliy the less density of tho 
ocean docs not invariably change tho rate of tho pendulum 
has not yet been doclnvcd. Tho Siicehallicn mountain in 
Scotland deflects a plummet from tho vertical direction, 
and from this swerving tlie nieati density of tho earth has 
been calcidatcd. Other mountains cause little or no pertur- 
bation of flic attractive force ; tliey are therefore but hollow 
cones, - - tlieugh they may have miles of height and miles of 
base, tJioy arc mei-c shells, ~ the thin walls of extinct vol- 
canoes ! Volcanic islands, on the other hand, generally 
show " an augnicntcd intensity of the attraotioii of gravita- 
tion ; " where there is an exception, it is ti-accd to the influ- 
ence of some high land on a neighboring coast. 'I'lms a 
theoretic uniformity is preserved, wliatevcr may ho the 
statement made by facts. 'L'ho mountain which swerves tho 
plmnmct is proof of the universal law of tho attraction of 
matlur ; that nhich does not odors no disproof, — ■ leads to 
no doubt of the general principle. It is well that it is so. 
'.I'hcovies thus cstalilish order, ^vhcn luthout them thcro 
ivould bo confusion. It is better to obey a provisional jjov- 
crmnont, though it Ijo not de&Uned to ])erpotusty, than to bo 
entirely without law. 'rhoorics are hut steps iit progress. 
How painful the thought that any present knowledge is (ho 
highest that can be attained ; that any theory is the ividost 
reach of tho intellect ; that in tho future there are in store 
for ns no farther intcrprclations of tho wisdom of God as 
^vritten upon his works ! 
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^\'o rctuiii to the examination of tlic tlieory of the f^i'avl- 
tatiOH of fluids. If A tuinblor is filled with water, a piceo 
of paper pressed over its mouth, and the {^lasa then in- 
verted, the ivatei', instead of falling fmin it, will remain sus- 
pended. 'I'lie slight adhesion of the paper is suflicioiit to 
overcome the whole force of tho attraction of the earth iipon 
the water. 'J'liis is explained by the jn-ossure of the air 
induced hy gravitation, wliicli is supposed to aet npward 
against the paper. 

But, according to the princlplos of the gravitation of Uiiids, 
this effect coidd Ijc produced only wlicn there is no air left 
in the tumbler with tho water. It lias been stated that, if 
tlio smalle&t i 1 1) of a a c 1 ts ) e s al o o t! o 

water wonll c t il c tl j ess e of tl o c tc 1 -i a 1 
tlie water o 1 1 fall JJ t ^ cl s ot tl fact 1 t tl c 
glass he e I ilf 1 n t o o ^t tl f U of ate t 1 
then invo tc 1 is 1 cfo c tl o it 11 e i s ( (. le I 
with air o c ell as I el t \\ o I a c otto t 111 3 

oxperinient a 1 cnllc 1 otl to t ess tl c f ct tl at ate 
suspended la tl tl o si o } c s al o e as I olo 
refuses to ol 0) tl h v of f, a t ( o 

Fill a lo 1 1 t I tl 1 y sa 1 1 1 I s o o c e I 
a piece of tl \ aj ei si ^\ tly o stc e 1 let tl o j } el 
1)0 open so that tho pressure of tho air will act both upwards 
and downwards upon tho sand, and thus neutralize itself as in 
tho former ease. 'L'hc sand will not overcome tho friction 
of tho sides of the tube and the adhesion of tho paper, and 
will remain suspended, say two pounds of it, against tho 
attraction of gravitation. 

l[oro is a case precisely analogous to that of tho water 
suspended in the tumbler, llow is it explained ? " Siiiglo 
grains of sand placed on a flat surfaco do not begin to roll, 
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until tlio heap is inclined between 30° and 40°, and tliis is 
tlio angle at wltich pvcasnrc is cxoi'tcd, when tliis motion is 
resisted j and tlie woiglit of a pyramid, ivhosc sides avp in- 
elined at ihh angle is supported at the base alone, wliatcver 
may lie the lieiglit of tbc coliinm conrmcd above it," tlievo- 
fovo, " the paper supports tlie sand, tliongh it adheres very 
slightly ; " or, to oppress (he conclusion in other words, the 
force of the adhesion of the paper to the edges of the tube, — 
an adhesion, whicli a very slight force would overcome, ■ — can 
bear up against the gravitation of several pounds. A\'liy 
speak of the angle at which sand rolls ? It is not necessary 
for the earth to roll the sand in order to bring it down. 

Hero arc several pounds of sand supported hy the friction 
of the tube, and tho adhesion of tho damp paper against the 
action of gravity. This is a plain statement of tlic fact, and 
the explanation should be intelligible, ■without the nxystifica- 
tion of tho angles of a pile of sand, or of the rolling of sand ; 
for the fact has no rcferenco to rolling, nor to tho stability 
of ft heap of sand firmly supported at its base. 

'J'ho reason for the suspension both of tlie sand and of the 
ivater istho same. It is not the prossnre of the atmosphere; 
fur this prossHvo is neutralised by being above as well as 
below the suspended matter, '.I'ho foreo of a falling body is 
gained only by its descent, llelativcly to the containing 
vessel, neither tho sand nor water has descended. It has 
accfuircd no force, and it is not attracted downwards. 'J'ho 
glass, raised or depressed by tho hand, receives from it tho 
degree of force for its different levels. 'L'hc water and tho 
glass are as one mass for rotation, tlio force being equally 
diffused thi-ough tliem. 

The reason that tho papier malccs the glass and its con- 
tents as one mass is obvious. It arrests tlio beginning of tlio 
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process of descent. It pcniiits no particle to acquire force 
of (Icsconfc. It could not withstand an attraction of gravity ; 
but it pi'cvcnfs any fail by wliicli the contents of the glass 
cnn acquire foreo for tlic downward motion. 'I'akc away the 
pa])Ci', and tlie sand or ivatcv \vill issue, the surface sink- 
ing as stratum by stratum tlie descending matter makes 
roon\ for tlic upper strata to dcsecml. I'lacli stratum for 
itself gains force of descent by its descent ; cacli stratum 
quietly waits for its turn. The paper prevents tlio com- 
mcnccnicut of this process, and, until it begins,, the tube 
and its contents rotate at any level as one mass, with the 
rotary force equally dill'uscd tlu'ougli it. 

Vi'o have tluis presented wafer remaining; suspended with 
a volume of air above it of the san\o elasticity as that below 
it, and sand supported in the same manner with the weight 
of the whole atniospliere pressing upon it aliovo as well as 
below, yfa pass from these to other proofs of tho want of 
attractive power in tho earth. 

If water be pressed upon by a piston, as in a common 
forcing-pump, witli a forec of fifty pounds, this pressure will 
show itself iu tho strcngtli of the issuing jet. Now talce 
away the piston, and replace it with what vmder the law of 
gravitatioi\ would be an exact e<5ui¥alont, fifty jwunds of 
water, 'flio prcssin'c of (liis water, if it ivcre attracted 
downward by the earth, wouhl bo equal to fifty pounds of 
external force. ]Jut tho issuing jet is not increased in 
nearly the same ratio as when pressure was applied by tho 
piston. 'I'hc faet is, that tlie added water has no prcssuro, 
and the inerease in the foreo of the jot by its addition, rc- 
sulta only from the lengthened colunm of water, wltioh gives 
increased force of descent. 'I'hc increased force of the jot 
bears an exact mathematical relation to tho increased alii- 
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t\iclc. Boforo tlic addition, the velocity of tho jet at tlio ori- 
fico was the scjuarc root of half tlic nltitudo of tho water, 
't'lic addition of tlie fifty iioiinOs gives a jet, tlio veioeity of 
ivbich 18 the square root of lialf tlio now altitudo. In other 
words, tho force of the jot is tho force of lotition Hnnsed by 
tho water ivtiich lias descended in tho ojhndci and to get 
this nionsiiro, tho mom\ doscoiit, or half the iltiiudo of tlio 
dcsooiidiiig colHion is the clement of cilctthtion 1 he*wator 
at rest J3 not attracted, --docs not boat upon the water 
below it. !l'ho addition of tho fifty pounds altois tho jet, 
only by increasing tho elevation from which tho water fells. 

IJut there is another fact relatin t) the Hov> of water, 
which is beautifully illustrative of the vlcivs wo present. A 
jot of ivator, issuing from the orifice of a containhig vessel, 
contracts at a short distance from the orifice. 'I'his is 
technically called tho vena contracta. 'fho velocity of fcho 
issuing jet at this contracted point is the sfjiiare root of tlic 
wliolo elevation of tho water, while, as before stated, tho 
velocity of tho jot at tho issuing orifice in tho side of the 
vessel is only the square raot of half tho elevation. 

Wc bolicvo that the increased volocity of issuing water at 
tho vena eonlraeta has ncvor been satisfactorily accounted 
for, and it is admitted tliat the whole subject of the motion 
of flnids is still imperfectly understood. Vfo will brielly 
slcctch tho history of speculation on this subject, taking our 
account chiefly from the History of the Inductive Sciences, 
to which we have so often recurred when wc wished for a 
clear statement of philosophieal opinion. 

Castclii was the first to assert that the velocity of efliux: 
depended on the depth of the orifice below the surface. 
'I'orricclli also st-ated in 'lGi3, as the result of his experi- 
ments, that the fluid \vo\\\i spout nearly to the hci<rht of the 
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siu'faec, and inferred tliafc the full velocity is that wliiclt a 
body would liavo iiv falling tlivoHgh the depth, and that the 
velocity is consequently propovtional to tlio depth. 

Newton, in his Pi'lneipia, treated the subject tlieorotieally, 
that is, accovding to tlie theory of gravitation ; hut " Tia 
Grange says that tiiis is the least satisfactory portion of that 
groat work." Newton made cxpcvimcnta different from 
t!ioso*of 'I'orricelii ; ho nieasurod the (piantity instead of 
tlie velocity of the flow, '.rho velocity inferred from tho 
quantity is only that due to half tho depth of Iho ivafer. 

Newton explained tho difference by observing the con- 
traction which tho jet of water undergoes just after it loaves 
the orifice. At tho orifice tho velocity is that due to balf 
the licight, at the vena contrada it is that duo to the whole 
lioight. 'A'lic former velocity regulates tl\e quantity of tho 
discharge ; tho latter, the force of tho jet. 

" In the second edition of tlic Principia, Newton attacked 
the problem in a manner altogether different front his former 
one. lie there assumes that wliere a round vessel contain- 
ing fluid has an orifice at its bottom, tho descending fluid 
may bo conceived to be a eonoidal mass, which has its base 
at the surface of the (hild, and its narrow end at the orifice. 
'i'Jiis jKirtion of tho fluid ho calls tho cataract, and suppo.se3 
that while this part descends, tho siu'rounding parts remain 
immovable, as if they were froxen ; in this way ho finds a 
result agreeing with 'L'orriccHl's experiments on tho velocity 
ofcflkix." 

" 'Wo must allow that tlic assumptions by which this result 
is obtained," continues Whewcll, "arc somewhat arbitrary ; 
and those which Newton introduces in attempting to connect 
the problem of issuing fluids with that of tho resislanco of a 
body moving in a fluid arc no less so. I'lvcn up to this 
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time maiUcinaficiaus liave not been ai>lc to voducc problems 
concerning the motion of fluids to exact calculalion, wifliout 
intvoduciiig some steps of this arbiilrary kind. .... Jlcncc 
tho seicneo of ttie motion of fluids, unlike all the otlior 
pi'imary departments of mcelianics, is a subject on whicli 
\vc still need experiments to point ont tlio fundamental 
principles." 

Wo would ask the question, - ■ may it not bo found that 
Hie theories connected with this subject require an examin- 
ation ? 'I'lic facts will not cimngo their character ; tho jet 
of water will ever continue to bear tlio same relation to the 
depth of the column as in the days of 'L'orricelli and Newton. 
'I'hc {(uautity of water flowing out, as also its velocity at the 
orifice, will bo that duo to a fail from one half tho height of 
the column; its velocity at tho i>oim cnniraola, and the 
height of its vise, will retain their relation to tho whole 
depth of tho cohinni, — that is, at the orifice tho velocity 
will ever be the square root of tho half altitude, at tho vena 
eontmeta, the square root of tlio entire altitude. 

If water in tho containing vessel were tho subject of ter- 
restrial attraction, the forco of tho jet at tho issuing orifice 
would be detcrinincd by the whole weight of tho water. As 
wc have seen, this is not tho case. Or if the attraction 
acted only on a column of the same area as the opening, tlio 
forco of the jet would be dcterniinod hy tho whole height of 
the column. .But, as wo have before said, it is found on 
experiment, that the forco of the jet at the orifice and the 
quantity of water issuing, is that which is due to one half tho 
height only. On our principles, tho force of the jet, being 
the force freed hy descent, could be related only to one half 
tho height ; for the water at the orifice would have i\o forco 
of descofit wilbin the vessel, while tho water at the surface 
16' 
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w'oM have tho force duo to the ivholo distance from the top 
to tho apcrtiiro. Of coui'sc, the force of the jot woukl bo 
the moan foivjc of the eolumii, or tho forco of tho descent 
from one Iialf tlio licif^ht. 'i'hia appears ahnost perfect ])roof 
tlmfc it is forco from descent, and not an attractive force, 
wliicli ^tvcs the velocity of tho jot, and determines tlio 
quantity of issuing water. If gravitation brouglit down tho 
water, tho whole of the column boing equally attracted, tho 
forco of the jet would ho that duo to the whole height. 

As the foi-co of the jet, therefore, is determined, not hy 
tho ([uantity, but by the height of tho water in tlie contain- 
ing vosaol, it is force of descent only which governs the 
intenaifcy of tho flow, 'i'hcro can lie no dilferenco of opinion 
thus fav. Action on the jot is coniincd to the water which is 
in motion. In fact, the iinpcUing power is usually stated to 
bo tho force of descent induced by the action of gravilation. 

Hut this force of descent docs not account for tho in- 
creased velocity at tho vena contracta. It is in its full 
intensity at the moment the water issues from tho orifice. 
All the power produced by the change of level has aceumu- 
lated at the aperture, and after the water has issued it can 
receive no farther increment of forco from descent within. 
Its incroaso of velocity after it has left tho vessel, is not 
therefore from tho force of descent. Nor is the motion ac- 
celerated heeaase tho jot is contracted ; as the quantity of 
water remains the same, the sine of tho stream depciuls on 
the velocity of its passage, 'J'ho contraction is occasioned 
by tho more rapid (low of the particles of water ; it docs 
not cause tho vapidity. Tim jet occupies less space because 
it is accelerated ; if it were rct-ardcd, it would increase in 
circninfcrenco. Slost unquestionably, therefore, the water 
after leaving the vessel, after it3 possession of the full im- 
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piilsc fmni tlic fall within, is acted ujioii hy a mow impelling 
I)o\YOV. 'i'ho jot is tloubicd in velocity, and by a cause 
wliich cominonccs its action after tlic issue of tlic water. 
'She increase of velocity at the vem contmcta canTiot be 
caused by the force of descent, whether this force of de- 
scent conres from gravitation, or from change of the level of 
rotation. 

But the increase is moasured by the depth of tho. water 
from which the jet proceeds. 'L'hcro is then a dillcrcneo in 
the stfltc or condition of wator according to its depth. I'his 
difference is in the degree of molecular action. As we have 
before observed, wo believe that tSio force of rotation de- 
creases fi'oin the surface of a fluid downward, and that mole- 
cular force increases proportionally in the same direction,— 
that the one is the complement of tho other, giving to tho 
whole voknnc of the fluid an equal'diffusion of force. The 
proofs of this theory seem to multiply as we ])roocc(l. And 
the increase of the velocity of tho jet at tho vena contracta, 
not only shows the existeneo of this molecular force, but 
gives VIS the measure of its intensity, and its intensity thus 
(letcrininod presents it as the counterpart of the force gained 
by descent. 

At tlio orifice wo have a forco of flow which is due only 
to the mean descent of the column of water ; at the vena 
contraeia we have an additional forco exactly etiuivalent to 
it, so that at this point the forco is equal to that which would 
be disengaged by descent from the whole height of tho 
column. Tho two forces aro therefore tho exact eountcr- 
pari.s of each other. If the stratum of wator nearest tho 
orifice has no force of descent, it is coiupcnsalcd by a 
gi'o.iter molecular forco ; if tho stratum at tho upper surface 
has less molecular energy, it is compensated hy its greater 
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I'Otary force, '.i'lio velocity of the jet at ilie oiifico is the 
result of only one forco ; at tho vena eontraeta it is that of 
ilie sum of tlic tiyo forces. At the orifice thci'O is only tlic 
force of (loscent ; at the vena contractu the force of tho mo- 
loc 1 net s a 1 le 1 to t 11 c cH o of lo 1 tl o b 
tl io CO ot Ic cc t to let o o tl e jct fl c cscij e f o i 
11 lo] tl cl es U ul c In fo of tl t 1 1 tl to 
1 Of, ca3 ol t a 1 t I fn f tl o o f e 

It a also fo I tl it c te 1 cl „o? ts If f o a 
lo&c vo tl f 1 a bl t \ [c tl tl la tkcl ijcr 
t o of tl ST e 1 a etc TJ tl c { 1 Us fict 1 ab 1 ec 
exi h c 1 1 J f 1 c s i I OS t tl t tl c s „ i t clc! 

CO „ 1 ill 1 to SC I e C 038 T 1 1 c Ic cicl 

otl c si „ tl ^1 a 1 lo oj c J, n b i o c 1 1 y 

tlo 1 c ! 1 I tl jet c I b a i ttl 1 JO Itle 
01 c g ' t a t 1 tl s a of tl c ict 01 ot 
} 11 [ c tl t Icav „aac to Itlei t Itlo 
]iesb of t! at osjl c e ? „ tl c e =; a 
1 eke flo V S olj tl cs It of t 01] I c i c o 

I cc n y tl e tt act of av t t o n c n j a 1 
clorful ! Here lye liavc an increased eliliix of water by tlto 
pressure of air a{;ainst it ! 

The contraction) as we have observed, is caused by the 
jneroascd velocity of tho jct; for of course from the more 
rapid motion of tlio ivator, there is less of it at any one mo- 
]nent at any one point of its path., Tlic eifect of the sliort 
tube is to prevent the full contraction, by the adhesion of tho 
water to its interior surface ; but, as this adhesion docs not 
overcome all the gain of velocity by tho transfer of inolecu- 
lar into progressive motion, the force, instead of acting at a 
distance from the aperture, diffuses itself and makes an 
average velocity of all the water in tho itijie. J!y friction 
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tlio atJdiHoiial voiocity is tlivown back to tlie .ipoi-tiiro, 
increasing the speed of the fluid tliroiigli it. To obtain tlio 
greatest possibJo incroaso of iiow, tlio tube sJiou'ld fii^st Jiar- 
voiv to tlic i>oint wlicro tJio vena coniracla forms in tlio 
jiatui-at jet ; this gives time for tlio tran$foi- of atomic into 
livogi'cssLve motion ; then it should widen from this point so 
(hat the water may spread itself with tho increased flow. It 
will bo ■,(,011 th\t tlio cftLct of this ipplnnce, -- technically 
tho coiiicil T]utio(,, js to mil c tlio vdocjty of the vena 
conUacta tho same with tbit it tho pomt of cflliix, — tho 
^■olouity -xi the o))ciim , In(,icaacd velocity at tho apcrtuvc 
emit-, a {'icitci fiuintit; it inj one time than would pass 
with a less velocity. 'I'lic greater tho efliux, the greater tho 
force of descent, and (he greater the addition to tho Oow 
by tho action of the molecular force. 

It appears to us a clear explanation of the eftoct of 
conicat ajutages, to consider them as tho means by which 
tho force tliat without tliem would act only away from tho 
opening, increasing tho velocity at a distance from it, is 
made to act at the opening where the greater velocity passes 
thmugh tho aiwrturo a greater quantity of water in a given 
time. ]5y tho retardation of the flow of tho water by the 
friction of a pipe, the force of tho flow is nob anniliilatcd. 
It is still in being, and if its onward^ action bo impeded, it is 
thrown back toward tho opening, giving passage to more 
water from the reservoir. And with more w-ater comes its 
own force of propulsion, and of reflex influence. So tho 
gain in the Oow is limited only by tho quantity of molociilav 
action which Uio depth of tho reservoir can siii)ply, and 
that is limited to \yhat would ho the force of descent if all 
the issuing water foil from tho upper surface of tho reservoir, 

By the theory of gravitation the elllux of water fi'om tho 
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oponing in the reservoir is rcpvcsonted as the efteofc of tci'i-os- 
trial attraction, and yet thoro is an admitted impossibility of 
giving by this theory any thing whicli approximates to a 
clear explanation. Wliy, if the water in t!io reservoir is 
attracted, and the reswh of this attraction is an equal press- 
Hro in every direction, does not the jet rcsjwnd to Hiis 
pressure when it answers at onec to the presence of any 
external force so applied as to hear upon tho particles of 
tbo water in any direction ? If there can he clear proof of 
any iwsition whatever, there is thisj clear proof that gravita- 
tion docs not in tlie least degree press together the particles 
of a fluid. 

Why again is tho issuing jot imputed to the force of 
descent induced hy gravitation, when it is so palpably evi- 
dent that a part of the velocity of the jet eoines after the 
descent has exerted its full infhicncc, and when the quantity 
of water discbargcd is increased by an appliance which can- 
not ])ossibly 1)0 supposed to have tlic least efl'ect in increas- 
ing tUo force of descent ? And why impnto tho whole force 
of the jet to a cause, which if it act at all, can produce only 
n moiety of tliis force ? 

On tho other hand, have not wo a theory which gives a 
distinct idea of the cansc of those phenomena ? Ono moiety 
of the force of the discharge comes from the change of 
level, — the unused rotary force resolved into other mo- 
tion ; tho other moiety, from tho resolution of molecular 
force into progressive motion. United they are sulhcient 
again to raise tho water, as it flows into nnotlior rcoei> 
taeic, to tho height from ivJiich it fell, ■ — the spare force of 
rotation being again transferred to rotation, the molecular 
foreo being again translated into the atomic action duo to a 
depth cfpial to that from ivhieh the water issued. 
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J?rac£ical men rccogniKO Uicso pvinoiplcs in the consli'uc- 
tion of thoii' machinery. The molecular force (listributcd ns 
the coiintei'j)ai'fc of the rotary, iiiorciiscs regularly from tlio 
lower surface upward. As a cone, with its base at (he 
lon'CF stratum, and its apex at the xippcr, must bo divided 
i\t one tliird of its altitude, to leave equal ({uantU'ics in each 
portion, so the molecular force is divided ; the centre or 
equilibrium of power m every column, wliatcvcr its height, 
is at one third of the altitude from the loiver surface. To 
support a sluice, or flood-gate, or embankment, tlio support 
i^ inado to press at one third of the height. 

A practical iiiillwriglit, on being asked if it mado any 
diflcrcnce how the water wm let on to his ivlioel, replied, 
" On the ovcrsJiot or vertical wheel it docs not niako any 
dtffcrcnco ; in whatever way tho water runs out, I got its 
whole weight as it strikes tho wheel; hut 1 confine that 
ivhich issues from below on the central, or horizontal wheel, 
so that it shall not spread until it stiikcB tho wheel, for 
thereby I get tlic ' spring ' of tho water." " But you know 
that water is incompi'cssiblc ; how can it have a spring ? " 
" It may be so," replied tho mcclmuic, " bat i know that 
water issuing from below lias a spring to it." 

Wo are far fi'om having exhausted this brancli of the sub- 
ject ; but, as it has already oecupiort an undue share per- 
haps of om space, wc pass to a curaory consideralion of the 
obuUition of water, and of the action of steam. 

By rccogniKing tho action of molooular force, we aro cna- 
l)lcd to comprehend a peculiarity of water in its conduction 
of heat. It is almost impossible to heat water from tho stu- 
faeo downwards. Itcat can hardly bo proi>agated in this 
direction through the lluid. If it is applied at tho surface, 
tho upper stratum only receives the force, and is converted 
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by it into vaiior, ivliicli passes oft'. l{«t when tlio lower 
stratuiYi Fcecivcs the force, it dtatributcs it novmnlly tlirou^K 
the voliiino, the molecular action being gvadunlly ineroascd 
\iutit ebulHtion, that m, vai>oiT/;ation from every sli'atmn, 
01131103, 't'lio lower strata, not the surface, rcf;alatc mole- 
cular aetion; withoxit the application of artifioial heat, it h 
additional depth which increases its intensity. 'J'ho force 
thus actinj! in the lower stratum dcterinincs tiiat of aU the 
succeeding strata ; tUoroforo, it is only by artificially increas- 
ing the force of the lower surface, ttiat this increase can bo 
extended tliroiigh the ivholo volume. Onr vleivs receive 
confirmation from the fact, that water artificially heated is 
always hottest at tho bottom of the vessel ; in very deep 
boilers, the li(iuid is miiGli more heated than it can be in 
smaller vessels. 

When tUoro is no appUoation of artificial heat, the mole- 
cular force present in water depends upon the degree of 
j'otary forco. Therefore water boils with less added heat, 
according to tho degree of its elevation. At a great alti- 
tude, as water is already in [josseasion of a hij;h degree of 
i-otary force, it docs not require so much additional force 
to bring tho molecular action to that dogroe of intensity 
whiifh clianges it into steam. At tho smninii of Mont Blanc 
wator boils at 180° of l''alironheit, — 32° less than at the 
level of the ocean. TJy the cJiangcs of minry forco upon 
the surface of the earth, vapoir/ation from water, and oven 
from snow and ico, is induced and suspended, 'i'his vapor 
is not expansive, liaving sjjaco for its range of nioleeular 
motion. 

Steam has, of course, a most intonHC molecular action, 
and, when gcnemtcd under confinement, it has not suflicicnt 
range of space for its normal motion, llenco its expansive 
power. 
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T bwlhlioii (loos not, in tl o least dcgmo, dopciid Hpoi\ 
ilifio'iilicin, jHCsstuo An, ill 1(3 normal condition, does 
n)t tot uioit intci Jiut it air be artificially coiwlenscd 
n I ivntpi, fs m ft steam S)oilor for. instance, by the rising 
of ^teini ni it, thuic n then a pressure of tlto aiv upon tho 
^ita, ind tlioio is Ic >> sjiico for the water to diftuso itself. 
\\ lien eiosoly conrmcii, witliout space for enlargement, water 
can bo heated red liot without passing into vapor. The de- 
gree of the connnemcnt therefore incasiiros the resistance to 
the oliange of water into stcani. In practice, tlie resistance 
is tho impelling foi-co wliich moves the piston. Hciieo the 
importance of confining steam in as small a compass as pos- 
sible, and not allowing it to expand except in that direction 
in whioli, by the act of expansion, it can move the macliiu- 
cry. '.I'he force of steam is ife demand for greater space for 
its molecular action. That; attained, it is no longer tho 
source of motive power. It cannot be rccomjiresscd with- 
out tho use of as much force as it would give out hy its re- 
cnlargomcnt. Groat expense is often incurred by the want 
of a clear understanding of this principle. lu an avtiliciat 
vaoHum on the other liand, there is greater space for tho 
molecular action of the remnant of air than is normal to it, 
and if water is placed in tho vacuum, the equilibrium is 
restored by its vaporiKation, So great at times is this var 
porinatlon, tluit there is not force enough left in tho remain- 
ing water to preserve its (inidity, and it becomes frozen. 

'l?Iio increased capacity of water for heat in proportion to 
its depth, to which we have alluded, is of course attributed 
to the pressure of the upper water, which is supposed to pre- 
vent the escape by vaporization of tho heat from the preyed 
strata. Can tliis bo a well-founded opinion, since gravitation 
neither directly nor by pressure can have power over heat? 



I ..Google 



Nor ia it noeessary tliat thovc slioulil be vaiioriKation to pro- 
duco an oqiial diffusion of heat tlu'ougliout any one volume 
of fiuitl. 'I'hc lowci- sti'ftta retain tlie augmented licat on the 
same principle on wliicli tliey retain tlic niolecnlar force. 
'J}ho additional foi-co of lioat is diffHsed in a decreasing ratio 
from the bottom to the surface of the (luid. 

Wo ivill advert to another of the supposed results of tlic 
gravitating power. It is believed that, if the prossuro of tlic 
atmosphere were withdrawnj many substances noiv soHd 
^vouhl heeon\o fluidj and many fluids, aeriform ; tliat water 
with a sliglit increase of lioat, would change itself into vapor, 
■wore it not for tho weight of the air upon it ; and that in 
fact it 18 by tlio gravitation of the atmosphere that c\'cn t!io 
ocean remains in its place. 

!L'herc is one striking peculiarity in the philosophy of 
gravitation. According to it no matter in tho univer.se 
moves or keeps in place witltout tho control of otlter mat- 
tor. I'ivory particle is endowed with energy t« give motion 
io other particles ; bnt it has none for its own motion. 'I'hus 
noUiing is able to take its own position, to be wliat and 
where it is, from itself, from its iiihcrciit fitness ; but every 
mass is perfectly competent to press into place adjacent 
masses or volumes, and these in their turn to press it into 
proper position. And this is deemed true, not of adjacent 
masses only, but of masses millions of miles distant, and that 
against the action of the force with whicli they wore endowed 
at their creation. Thus one sphere determines the orbit of 
anotlioi", itself being guided in its turn by an en\anation from 
Bome other centre of inlluonco, and lience there is order and 
porinanenco in the system of worlds. 

It may be said that this feature of the theory of univei^al 
gravitation is not objectionable, because tho order of nature 
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may bo as firmly presorvcO by tlio indirect, action of matter, 
as by the iiainciliato poivor of every atom to move in its 
(lestiuc'i i)fitli, and to prcsorvo its own proper position. 

Tfc is truo tliat, \Yliatovcr bo the charactci' of our pliiioso- 
pliy, it cannot ciiangc tho perfect and tlio permanent, 'flio 
worlds will roll on in tlioir orbits and fulfil their appointed 
rounds, wlicthcv mc believe them endowed dlrcotly witli 
power from the liandf of their Slalcor, or think of them as 
nndcr tho contiol of other parts of tJio creation, lint theo- 
ries have value in proiiortion to tlioir cfl'cot in strengthening 
our conceptions of the ^^isdolfi and power by which the nni- 
verse is continually upheld, — in loading e«v minds upward 
to the Great; ]''irst Cause, instead of allowing tlicm to rest 
in the finite and the created. ^I'Jio first ivork of philosophy 
is to divide tho incomprehensible from that which can bo 
clearly apprehended, that the one may bo made tho subject 
of investigation, the other bo used only to lift onr thoughts 
to the wisdom and power of God. Would that; every theory 
were destroyed which furnished to the mind oven the 
appeavanco of a resting place between the Creator and his 
works. 

By roforrJug the motions and positions of matter to mu- 
tual action, we receive no clear idea, wo take no step in 
advance. We still rest on tho power of matter to indnce 
motion,-— to do that indirectly whicli wo are not willing to 
admit that it can do directly. To us, and perhaps to other 
minds, the theory that every part of the universe, each 
atoTn, \'olumc, mass, is guided by force present ivith it, 
unaided by the infinencc or mediation of other matter, has 
a value hooause it strengthens our conviction of the perfoct- 
ness of the creation, --- becaHSC it leads us to recognise in all 
the changes of matter the Guiding Hand which sustains. 



I ..Google 



190 OUTMNKH 01' A Sl'i5'J.'liM 01' 

controls, and dirceta it. It jwcscnts to us every element as 
in its place by reason of its coiistriicfion, — as disohargitig 
its functions by tiic inherent fitncKs of its constitution, — by 
a fitness not ben-owed from other matter, but imparted 
to it at onco from the Source of nil porfcctioii. It brings 
before ns general order from tho iicrfoctncss of cacli part. 
Wo recogniKG in harmony of action, as it were a sympathetic 
movement, not a compelled conformity, — not the equilibrium 
of well balanced opposition. We think that every part of 
ibo structure of (be worlds stai\ds firm bceauso it was so 
created, — not bccanso it is supported by the iusceurc 
balaneo of opposite leanings from the true direction. 

'J'he ocean appears to us as a most beautiful instance of an 
element, pcvfccfc in its adaptation to its place, — in its fitness 
to fidfd all tho purposes of its creation. It is not held to its 
bed by the pressure of the atmospbore upon it, but works as 
if in sympathy with it ; it ia not chained down to its depths, 
but, as if exullingly, it lavishes its force to aid in tho 
harmony of tho world's movement. It seems to rejoice that 
it is, and that it acts." 'I'hough by its constitution so 

* Siiico writing fho nhovc wo hnvo mot wilh l1ic fbllowing licnuliful pns- 
aago, iu nn nvlicio fiDin Itov. A. 1'. I'anbtxly, in a recent numlici' of iIiq 
North Aiiici'icnn Itcrlciv, wliicli lioa given lis so mucli pleasure llmt wo 
cannot forlicnrtrniisci'ibiiig it: "Wo sro iDinimloil in tins coiiiieclion of 
nn njiosti'opliD to llio sea, <ii Ihc I'l'oincllicns of /I''sctiylu9, wlilcli, in four 
woi'ds conveys inudi more lo our njiprclicnslon, and reflects fnr mora f^iliy 
oui' own iiiinllerablo emotion in tho frequent survey of occnn scenery, llinn 
could bo (lone by volumes of Iho most glowing, oloquont, i)n3slonato de- 
scription. Whenever wo look iiiioii llio ocoon, whether fl'om deck, lieacli, 
or cvn;;, liy sunshine, moonlight, or its own plLOSpliorcsceul glow, wo And 
ourselves Hb3o1ulolylinimlcil,Bprighte<1,by liuiso words, as they piilso upon 
tho inward cur In unison wilh tho rliydim of llio waves. Tlio passage lo 
whicli we refer is llmt wlicro I'rojncllicu^, in calling on nil nnttii'e io witness 
hincruc! wrongs nl Iho (innif of .Jnpitcv, mlitrcsses Ihe sea as udiikn- 
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noAvly jioiscd 1)Ct\vccn tlic soliA and tho aorifovm state, it is 
in 110 pci'i), ffom tlio vicissitutlcs! of tcmporatiiro, of losing 
its form and condition by passing into cither oxtuemc. It 
is not in (langcrons ociuilibrinm. Its own constraotiou pro- 
loots it on either l!an(t,aiKl its inherent safeguard strciigthcne 
as tho voluino of water deepens. A more surface stratum 
only can harden into ice, or pass aivay in vapor. 'I'iio lioat 
of tho ti-opical sun cannot penetrate it ; undor its direct 
rays aro tliotisands of niUea of oeoan surface with a perma- 
nent and uniform temperature, and water drawn from the 
depths, even under Hie equator, has the ley coldness of tho 
water of tlic polar seas. 'Iho unused force of rotation and 
revolution, laid uj> as in a storeltouse of strength, is securely 
licld in tho molecular action, so that by degrees only it 
asconda to flic surface and passes off in vapor ; or hy conduc- 
tion to tho air as hoat mellows tho rigor of winter on the sea- 
girt shore. So securely is this force hold, that from the 
equator to 48'' north and south of it, the mean tcnipera- 
tiiro is but a few degrees above that of tho air. Yot wo 
know that it has force proportional to its depth ; for tho 
thermometer will determine the presence of shoal places as 
well as tJiO sounding lead ; and the cohl water of shallows 
eondeuaes the vapor of the air over them, so that often, 
clouds, sharp and well defined, map out acouvateJy tho form 

Knitiim' M.'si6fwi- ylXaoiia. Tlils cfiiinot be Iraiiariiscti ivitlioiiE dfliiingo 
into anollicr Iniigiingo. 



Wc know Tiof Jiow to coincy in Ciirrcttt Ifngiish ttio iiiiillilbrin unity iiiai- 
I'ftlcrt tjy tlio original. ' TItf iiimiincfoMe tauijli of t/ie sai-vxiiws,' it liloial, 
but awliWBol. ' 'J'/ie uioikj twintUaQ Smile ofoecan^ (which wo copy fVom » 
J.oxicoii,) is pvcfevnblo on llio ecoro of ciii>liony, but less nfliwiunW to tbo 
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tributed. H I f tly 1 jt I f tl pin'[)03e arc tho 
oceans fron tl i t IJ broken circuit of 

land passing round the earth ns a barrier against the passage 
of force from ono hemisphere to the other. 'J'herc arc few 
broad surfaces of land wbicb aro not broken up by intniding 
bays or inland seas. North and so\ith around the poles, tJic 
Arctic and Antarctic Oceans open free commnnion ; for 
there are changes about tho magnetic poles demanding trans- 
fers of forco for tho restoration of an equilibrium. And 
from the equator to tho poles on either hand, between 
which tho greatest dilforenco of temi)crat«rc and of rota- 
tive force exists, by the broad sheets of the Atlaiitio and 
-Pacific stretching from polo to [lolc, is the cotmnuincation 
kept fully open, 



\Vc now pass to tho consideration of tho atmosphere. If 
a weight bearing upon the surface of the ocean wero neces- 
sary to provont it from passing off by vaporisation, the 
atinosphcrc, as it is constituted, eotild not supply this press- 
ure. As the air exists in its normal state, it is without 
power to bear ivith force against an adjoining volume of 
other matter. Air can press by its clastic power alone, 
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and it manifests elasticity only when tlicrc is not suflioicnt 
space for its molecular action, lis elasticity becomes a3>pa- 
rent by compression,- -it is (lie tlu-owing back tlie force 
which (listnrhs the normal position of its particles. Like 
steam, air must have its molecular action artificially re- 
pressed by eonfinomont in order to nianifcsl: its elastic force. 
'I'hc only pi-csauro of aeriform bodies is from ivant of space 
for tlie action of ttio force present with the atoms. 

As the atmosphere cxief,s in its natural state, its molecu- 
lar force is determined, as in the case of tho denser Jluid, 
water, by its degree of rotary force. Its atomic force 
therefore increases in every stratum, from the highest^ to 
the lowest, as tlio counterpart of its progressive force. Wo 
cannot see a curronl^ of licatcd air pass upward without 
noticing in its viijrations the intensity of its molecular action, 
which, as it ascends, is absorbed in rot-ary motion at a 
lilghcr level. 'I'ltis atomic force, constituting elasticity when 
under confinement, when unconfincd has its normal space, 
— has all tho i-oom that it needs for its motion. Of course, 
it cannot bear ujion or press any matter in contact with it. 
We might as well look for motive power by the expansion 
of tho free vapor rising fi-om tho surface of tlio ocean, as to 
scolt in unconfincd air for tho power of preasui-c. In both 
cases tlie particles liavc frcodoni and space for motion witJi- 
o«t impingement upon caeli other, or upon snrroundiiig 
matter. Nature does all things well. 'I'herc is no tendency 
in matter to escape from her adjustments. 'I'licre is no 
crowding, -— no contest for sjiaco. All things conform one 
to another. Force, matter, spaeo, are in due relation. 
'I'here may be an occasional oscillation, — ■ for a time a lim- 
ited swerving from an accustomed relation, hut how soon 
tho storm subsides ! It in not a straggle for mastoiy, the 
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continued battio of contcnditig forcca, wliicli gives the poaco 
of iiatiiro. It ia, na wo havo said, Hio coiistittited filiicss of 
all tilings for their assigned place and olTico. 

Air and water rest in contact ivitliont mntiial pvossure 
becaiiso they arc in place. If one canscs motion in tlie 
other, it is by the transfer of force. AVlicn air is artificially 
condensed the force of olastioity manifests itself, and tiion 
there 13 pi-cssui-c ; but, ns this is the cITcct of the unnatural 
condition, it does not outlast the conrinemciit. Set free, 
the condensed air rushes instantly into flic more rarefied, 
difl'usca itself where thorc is relatively greater apace for 
motion, and an cfjuilibrinni is at onco I'cstored. AVhat is 
trtio of a smaller, isolated voiunio of air, is trae of the whole 
atmosphere. 'I'he law of nature is iniiform ; tUc same force 
wliieli diftiisos a confined portion when it is sot free, is ever 
in nnobscrvcd action, so that the whole clement is in cquiH- 
brinm in relation to its own particles, and in its relation to 
other matter ; the laiv of its nature forbids a permanent and 
condnuo is picssuie upon other matter. 

I hit 111 IS hstu, m pioportion to its density has been 
pioied by the most atcunfo ctperimonts, performed by a 
connnis ion of the J lonch Academy of Science. To state 
tlio f\ct in othci wohIs, tin, force with which air will dilfuse 
tself piopoition to its density compared with that of 

tl a dny an f Kstieity, thorofoi-c, is the jiower of 
Ifl ly which thi, picssuro ecases to ho,- -by which it 
s 1 1 ted ill conseqneiico of tho return of llic whole 

ol to its normal condition. Thus, the elasticity of a 
1 1 1 o o soon as it is straightened, no longer manifesto 
t-il c c , for the atoms of the bow have retiu'iied to their 
1 t te and are at rest. 

What view of tliis subject docs the theory of gravitation 
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present ? It supposes a conthniccl, a permanent pi'csgm'o of 
the particles of itir, stratum on stratum, onusing diftbriiig 
(iegi'eos of density in cvci'y layer, the pressure decreasing 
from the sni'racc of tlic earth upward till tlio air gradually 
fiidcH away ii»to the vfteancy of space. It gives to air a 
continued struggle for space, — an abiding elasticity, — an 
elasticity acting in every direction, bearing upward as well 
as downward. It prcscnis the atmosphere as a series of 
springs, increasing in the poivcr of reaction from above 
downward, and all of these bent springs secured at ono end, 
only with nothing to resist the expansion of the other end, — 
the elasticity of Hio air increasing with its density, its dens- 
ity increasing with itii depth, and Ibis elasticity acting with 
otiual foi-co in every direction ! We know that the expan- 
sive power of the air throws the more dense \)ortions upward 
into the more rarefied. ^Vhat thcrcfoi'o keeps dowit ttio 
atmosphoro, which, nocoi'ding to tlieory, presses upward as 
well as downward, against itself and all other matter, with a 
force of fifteen pounds to the inch ? 

We cannot avoid the belief that the views which we have 
presented accord more nearly with the facts. 'J'ho air is 
neither drawn down to the earth by attraction, nor repelled 
from it by its own elasticity. It holds its place, hecauso it 
is so constituted as to retain tho d«o force of rotaUon for its 
level of rotation. It has no tendency to escape into tho re- 
gions of space, nor to crowd info tho bed of the ocean. It 
occupies its allotted ptaco ivitliout an effort to expand or to 
contract its volmnc. It is without elasticity ii'lion uncom- 
pressed, — withont weight when resting at ono level. Its 
inotjen is fi-om tho reception of force,- — its pcrmanoncy, bo- 
canso God gave to it the atomic and elementary construction 
which fits it for its position, and for its office in tho economy 
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of liatnrc. It did not fit itself for its place and function, nor 
ia it guarded and vcstraincd by other matter as dead and 
senseless as itself. 

'riiat gravitation cannot by its force dvaw ilown tho atmo- 
sjilicrc, so that its density sliall increase, stratum after stra- 
tum, from above downward, or if tho atmospbei-o exists 
with this increasing ratio of density, that it is not the action 
of gravitation ivliich retains it in its pwiilion, m distinctly 
proved by the operation of tlic air-pump ; for tlio compara- 
tively (tenser air of tho rceoivev invariably I'iscs, against tho 
attraction of the earth, into tho rarer medium between the 
valves. Thus against gravitation would tho denser air near 
tho earth rise up into the more rarefied strata above, till an 
equilihrium of density was established. " Wo know not," 
says ]Jr. Arnott, " at wliat distance tho gravity of tlic par- 
ticles of air becomes just a balaueo to tlicir repulsive force, 
and therefore know not what tho degree of rarity is at tho 
top of our atmoaphoro, but wo see that it must bo exceed- 
ingly groat from Iho fact that tho air left in tho receiver of 
an air-pump has still Sj)ring enough to lift Hio valve of tho 
pump, when tliore is loss than one thousandth of tho original 
quantity romaiuing." If tho air in tho receiver has 
" spring '' enough left for its elevation, though so vastly 
reduced in density, why is net (ho spring of the denser 
strata of the atmosphere a suiStcient force for their elevation 
into tho more rarefied ? 

'L'his illtistration introdnecs us to the next branch of our 
subject, — tho vacuum. Wo do not entertain the idea that 
nature abhors a void place, but we believe, to speak meta- 
phorically, that nature abhors and resists the infraction of 
lier laws, one of which is, that force shall bo equably 
diduscd according to altitude. ]''orco, in distt'ibuting itself, 
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will carry into a void place the adjacent matter, so tliat in 
the onivai'd current of rotation there shall be no vacant 
sj>aco. '1,'hc fall or rise of matter fi'om the stream at one 
level into the stream at another, is but tSio interchange of 
jikco of eqnal volmnos. In tlic creation of a vacuum) 
however, there is a change ivithout the cquipoisipig change, 
anil the filling of a vacuum, ivlieiiovcr it takes place, is tiie 
Rfimo act as if tlie etiuipoiso had been prosorvcd when tho 
matter yiaa first removed. Tluia vacua aro filled, let the 
time bo never so remote from tlicir formation, ivlioncvcr the 
adjacent matter is suscoptihlc of the change of form neces- 
sary for tlio purpose, and fdlcd with the same dcgi'ce of force 
with whioh they were made void. Air, extensible without 
limit, will always fill a vacuum, as will water and other fluids 
to the limit of their extension ; solids will be forced against or 
into it to the degree that their form and elasticity will permit- 
To repeat the idea ; tho force used to create a vacuum 
measures the forco with which it \s filled. 15'or instance, if 
the air bo drawn from a vessel, the force which will cause 
other air to rush into it, is equal in intensity to that which 
displaced the air. 'i,'hc force vcqnircd to fdl a vacuum is 
not determined by the gravity of the externa! air, for that 
must bo invariable. Matter lifted up docs not.incvcase in 
weight according to the distance to which it is lifted, nor haa 
it more M'cight of air over it when elevated one foot than when 
raised six inches ; yet the higher a piston is lifted in making a 
vacuum, the moro force is rec|Hired, and with the more force 
docs it return. Suppose a tube in which, by the elevation 
of a piston, a theoretically perfect vacuum is formed. 'J'he 
air is believed to pi-css upon every inch of the surface of the 
tube and piston with a force of fifteen pounds, liaise tho 
piston one foot, the air bears on its outside surface fifteen 
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potiiKls per inch ; ■ — vaisc it six feet, tlio weight of the atmo- 
sphere over it lias not been increased ; its pressui-e remains 
tlio same, but the higlier it is (kaM'n the more force has been 
rctniircd to lift it, and Uic greater is the force with whicli it 
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prcssnre would be in proportion to the surface exposed,' — to 
the sui'facc uvea of tlic sphere, not, as is tlio case, to the siko of 
the vacuiiPKi measured by its diameter. It is said that, when 
these Ic &jlce eef to! bited, tlio inventor had a 
pa ri 1 of a foot 1 1 oto md that six horses were 
unalle to ( 11 1 tj 1 bupposc Iho metal to bo 
th el e tl t tl e ic kl be only half the sko. 

Wo k tl at et loss fo ec ould bo rccjuirod to pull 
the np t a 1 yet tl o j it of the atmosphere around 
the 11 10 ei a „ol 

II st lo 1 1 to so IS to condense tho confined air 
be tl t t 11 1 c 1 el k ith the force with which 
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it was tiiVHst down. lOlcvato a piston so a$ to ravcfy tlic con- 
fined ail', aud it will lie drawn down \vilH tlio fovco with wliicK 
it ivas elevated. 'J'hc force of the readjustment is related 
only to the void place, not to the weight of surrounding air,— 
to tlie extent of the disuvrangcmeiit, hy no moans to the Avcight 
of tlie mcdiinn in winch tlio void place h made. 'L'iscro is 
one degree of forco pervading the atmosphere, giving to 
each of its atoms its relative jwsition, I,et thei-o bo an 
ahnonna! position of the pavticlea of any vohimo of air, and 
tho foi'cc that gave the normal position of the atoms, wili he 
the measure of the force roqnired to restore it to its former 
stale. In other words, the foi-co of position is invaviaWe. 
"thit lot it be granted that it is by the pressure of the air 
that a vacuum is lilicd,' — tho pressure can bo caused only 
by the elasticity of tho air, or by the power by which it en- 
larges its volume whorcvor thoro is space. If wo allow tho 
air to have this elasticity, every fact of its action relative to 
the vacuum is explained, and the clastieity conld exist as 
well without as with tho attraction of tho earth. Gravita- 
tion therefore is not the essential condition for tho pressing of 
the atmosphere into a void place. Ukaticity in fact supplies 
a hotter explanation, and this may exist without attraction. 
JSut we consider the atinosphoro in its normal state as 
without elasticity. 'I'hc action of elasticity being only in- 
duced by a disturbance of tho relative density of its parts, 
its action, so far from being poi inancnt, is remedial, curative, 
leading to er|ual division of tho atoms of tho atmosphere 
through space. 'Cherefoio the air is of uniform density, — 
therefore are tho void places fdled. Inmgino in tho ocean 
an unfilled spot, surrounded by water moving in rotation 
Aufli a foicc of one thousand miles an hour, the particles of 
Mater not prc^sin,^ on one another, tho force being ccpially 
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dift'iiscd, each atom iiaviiig its exact proportion ; — into 
this void place tlie water will enter, and it will bo fillod, 
forco diffusing itself equally in the whole stream, and at the 
same timo equally diffusing the atoms of the stream, 'i'hus it 
requires gi-cat etrongth in the ivaSIs of the vacuum to keep 
out the (lo%Ying stream of air ; the forco by. which ijatuvo 
scelis to fdl ib is the force by which the matter of the uni- 
vorao is kept in constant motion. 

U'liis view impresacs the mind with the permanency of 
nature, witli tho ncvci'-varying intensity of her force. 
However long a vacuum may continue, (he force of the 
return will be the forco of withdrawal, and thus, while the 
position and movement of tho sphere is ever rigidly deter- 
mined, so is tho position and movement of the most minute 
fragment, of the very atoms composing the fragment, by an 
over acting, unchanging power. Minor clianges talco place, 
■ — there is a limited clnstieity which permits condensation and 
rarefactlo]!, alterations of form, variation of motion ; but the 
law preserving the general harmony is never repealed, - - it 
remains in constant operation, 'I'hc forco that disarranges 
measures the forco whiclt readjusts ; tho void plaeo is filled 
to restore perfection, completeness, but never fdlcd by tho 
disturbance of other elcmcnls. 'J'hcy too have their laws, and 
a void in tho air, can be fillod with water to a limited extent 
only ; for the enerjy of nature is used for preservation alone. 

In passing, wo turn our attention for a moment to tho 
level of water when in contact with the atmosphere. '.I'Jio 
even surface of an undisturbed volume of water, — the well 
defined line which gives distinctness to the volumes of the 
separate fluids, — has been usually traced to the action of 
gravitation. 

In speaking of ohcmiciil affinity, \ve referred to tho equal 
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tViffi f 1 t> ' t tl cssRiy 
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pi-cs fc 1 tt t 1 fl 1 loeulai- 

acti 111 t t! himo ; 
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of at I 1 1 tl I I f 1 Without 

tliis piOMSion contact nould (Ictoiimnc tombnialion, and in 
the i>laeo of estaWisliod order, of distinctly charactorii'.cd 
masses, all tbings would be mingled in cliaotio confusion. 
There would bo 

]iii( ali Iliosa ill tivAe piej;ii!iiit causes niixcl 
Conru5C<Uy." 

While we hcliove that tlioro is a certain intensity of force 
and its equal dift'uslon, which locks together the fitting ele- 
ments of every structure, — whioh produces the various and 
distinctly charaeteriKcd solids and fluids ; so after their 
construction, by the operation of the same principle, aro 
tlicy kept separate and distinct. Air and water, for in- 
stance, though tlioy may bo somewhat mingled mechan- 
ically, though for a time their meeting surfaces may be to 
a degree made irregular, continue to bo distinct volumes, 
ever returning to a fixed relative position. When at vest 
their lino of separation is a perfect level ; the position of ono 
is invariably above the other. It is because the one in all 
the transfoi's of force retains permanently tUo greater share, 
that its level of rotation is superior. 

If a vessel containing water has pipes issuing from it of 
various shapes and diameters, the volume of wafer will retain 
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tlie same lovol in all of ita divisions. 'I.'hc watcv receives 
that degree of force only, wliicli, wliile in contact ivith air, 
gives it its place below the air, and this force being equally 
diffused throughout the voliiinc, the force of rotation and the 
foicoofinoleeuhi ictiomio thc<'Wie]nc\cii }nit,iesullin^ 
m a Hiiifoim suifice l(,\cl It n fioni this jiniciple, thit 
issumg stieima iiny nw to tlio altitudo of then f nn 
tain, that natci uiniini^ thiougU condnclinj, pipci, \ilnt 
o\ci may ho then enhigciiieiit oi continction, tb(,n lcn£,th 
01 M smlin'T'ii, knons thi, li,\(,l hclonj,m„ to it-> ^olHmc W( 
cinnot conceit ot thib \iniloimle\el being pi odiict I by tho 
(loi\nmi(l tendency of the piiliclca of tho watci Ihit the 
reason of it ai)pcav3 evident wlicn ivo consider it as tlic outer 
circle of rotation, dctcrminatoly fixed by t!io degree of its 
impelling force. It is from tins principle that the vast 
ocean, constituting aliHOst a liquid world, tbougb agitated 
by winds, thougb swollen by tides, though traversed by 
wide-extending currents, preserves tho curve of its am'- 
face, "the alternations marked upon its shores showing 
that its clianges, like all changes in nature, are limited and' 
periodic. !r!»c ocoan is not a collection of particles gravi- 
tating independently of caclt otlicr, nor is tho sliape of its 
vobuno preserved by tbo tendency of each atom to the 
centre of attraction, it is a whole, animated as it were 
with one life dilVascd tlnoiigh every part. 

An explaiiation of the water level by the theory of gravita- 
tion lias been attempted, and the explanation has been accept- 
ed, not as sudicioiit and satisfactory, but as tho best possible 
in accordance with tho theory. Suppose a vessel containing 
one thousand pounds of water, with a pipo extending ii])- 
wards from its lower part of a mc suflicicnt to contain only 
five pounds; the water stands at the same level in both. 
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OiiO would suppose that UiO ivoij;lit of ^vater in the largov 
vessel,— 'its constant tcmlcncytodcsceH(l,---woii1(l force the 
smuW quantity upward so that it would escape from the open 
pipe. Gravitation assorts tliat tlio small column is acted 
upon only by a cohiinn in tho large vessel of equal area to 
itself, and that all the \yater oxccpt this colmmi is held in 
place by resting on tlio sides and bottom of tUo containing 
vessel. l!ut, as we liavo seen, any downwaitl force actually 
applied to tho ivater is not resisted by the vessel, but shows 
itself at once by the issue of water from the orifice. Wo 
believe that the same level ia maiiilaincd by both columns of 
\vator, because there is no downward toudeney in cither, — 
because tlie water is one volume, and has its rotative force 
equally diffused through all its paria. 

Wo pass to some further considerations respecting atmo- 
spheric pvcssuro. '.t'he tiieory of gravitation assigns to the 
atmosphere, as wc have several times had occasion to repeat, 
a pressure of fifteen pounds on every inch of surface with 
which it is in contact. It theroforo bcara upon the body of 
a man of average she with a force of thirty thousand pounds. 
If (bis pressure were not purely theoretical, it would bo folt. 
We should be conscious of it ; wo should not be compelled 
to go to books for our first information respecting it. Its 
intensity wovdd be too great for concealment ; it would de- 
clare its presence by its effects. -I'hat it is not felt is 
accounted for by the assertion that it is equal on every part 
of the body. "'I'hero is," says a popular writer on philo- 
sophy, " a difficulty at first in believing that a man's body 
boars this pressure ivbile he remains altogetlier insensible to 
it. ]lut such is the fact, and tho reason of his nol^ feeling 
it is that it is perfectly uniform ali around. Fishes arc at 
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case in a groatci- weight of water, and men ivalk on tlio 
earth withowi discovering a lieavy atmosphere about tliein, 
which, liowevor, will inslantly criisli together tlio sides of a 
sfjuare glass bottio emptied by tlie aii'-inimj), or even of a 
thick iron boiler, loft for a moment by any accident without 

the conntcracting internal support of steam or air In 

general, the prossuro on one si<lo of a body is balaficcd by 
the equal pressure on tlio other, and it m on this account 
that pbiiosophoi'3 wcro so long in discovering it at all, atid 
that half-informed persons are still disposed to doubt its 
cx\stci\ec." 

Wo nmst number ourselves with those who sliil doubt. 
How its uniformity, its ctjual distribution on every part of 
the surface of the body, exterior and interior, can destroy 
tliis enormous pressure, or rather how it operates to prevent 
its being sensible, lias never been explained. 'J'he equality 
of its action could not annihilate tho force. If tho air 
presses on all sides of the body, it must press together tho 
sensitive particles constituting tho body. 

]JHt it is well known that tho human frarao la so consti- 
tuted that it is impossible for the air to exert its pressure 
uniformly. 'I'hero arc cavities in tho body which contain 
air. Now as the pressure on the outside varies hi intensity, 
somctinies a thousand pounds in an hour, according to the 
indications of tho baiximeter, what is to cnaijlc tho small 
quantities inclosed to maintain so nearly a counteracting 
pressure, that in tho continual variations of weight outside 
no sensation 13 pei-ceived ? In tho cavity of tlio oar, for 
instance, there is air which is supposed to resist the outivard 
weight i but in order to resist this changing burden, to 
maintain the equilibrium which prevents it from being felt, 
this internal air mast continually change its own pressure. 



I ..Google 



MKCitAsrcAi. p)iu,o«oriiy. 2J1. 

To do tills it must be iiici'caseil or tliiniiiislicil, and Uio 
(lowing of ail" into and out of the orifico would constituto 
it a perfect bavoractcr, 

Jiut while some organs of ttic body liavo cavities contain- 
ing ail', whielt may assist them in sn])porting the external 
l>vcRSHro, thcvc ai'o others, tho brain for instance, ivliich 
have to bear all tbc ctiangcs of prcisiire witlioiit any internal 
BHpiJort. A. well educated physician remarks, " How tho 
delicate organs of the human body bear tho prossuvo which 
gi'avitation assigns I know not. It is not because of con- 
tained air ivliicb rcsista tlic prcssuvo. Air within the organs 
would be death. A very slight pressure on the brain, — 
Hiat of a few ounces only,- -is attended with loss of con- 
sciousness, yet the varying density of the air changes the 
pressure upon it by many pounds, and I am yet to learn that 
tho brain contains air, whicli, by corresponding changes, 
could ncutralino the exterior pressure." 

]Jut in tiioir eagerness to prove the cxistcnco of atmo- 
spheric pressnro, somo philosophers, forgetting that tho 
principle of its equable pressure forbids any perceptible 
result from it, either for good or evil, assort that it exerts 
an important inllucnco on tho animal organiy.ation. IJoctor 
Arnott, whom we have before quoted, remarks, " 'I'ho atmo- 
splicric pressure oir iiviiig bodies pi-oduces an eftect wliich is 
rarely thought of, namely, — its keeping all tho parts about 
tlio joints firmly togctlicr by an action similar to that on 
tlic Magdeburg hemispheres. I'hc bitiad surfaces of bono 
forming the knee-joint, for instance, cvon if not licld togotlier 
by ligaments, could not, wliilo tho capsule surrounding the 
joint remained aii--tigbt, be separated by a force of less than 

a hundred pounds In tlie loose joint of tlie shoulder, 

tliis support is of greater consequence. ... In all joints it is 
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the fttmosphevLC pvcssiu'o wliicli kccjia t!io bouos hi sucU 
stoatly contact, tlisit fliey work smooUily ami ivitliout noise,*' 
If tlicrc is an unequal prossuro on the bonca and iiganicnfa, 
so there must Iio on tbo nerves, veins, arteries, and other 
soft portions of t!io body, for these arc as destitute of intei"- 
nal air, enabling tlicm to resist the outward prcssum, as are 
the bones and joints. It is indeed strange that witti bodies 
so delicately organJaciS, with perceptioits so keen tliat the 
sliglttcst inotioik of the air, tho nicro breath of tlio breosio 
fanning the cheek, is distinctly perceived, wo should remain 
unconscious of this thirty thousand pound pi'oasure, or of its 
continual fluctuations. 

■\Ve arc frequently amused at the cftccts wliich arc attri- 
buted to the variations of atmospheric pvessuro. 'I'he city 
of Ccrro do I'asca is some fourteen thousand foot above tho 
level of tho sea. Men, women, and ehiUlron live in this 
city, and probably live comfortably tliorc, notwithslanding 
its elevated sito. Cats, however, cannot exist in it; they 
(lie in convulsions in a few days after being carried there. 
And tho reason given to account for this fact is, the altitude 
of the city, and the consequent rarefaction of the atmo- 
sphere ! l'lvei\ (Tuniboldt gives this opinion the sanction of 
Ins authority, although it is well known that tho extent of 
knga, and consequent quantity of air received at each in- 
spiration, in any species of animal, is in proportion to the 
vivacity of ils movements, and of course all animals would 
equally feci the « ithdrin'i al of any portion of it. 'IJioreforc 
a diminution of air that would bo fatal to cats, would be in- 
jurious also to every othor animal. Again, it lias been 
stated, that some animals in the mountainous regions of 
South America, when hunted by dogs, bleed from tho mouth 
and nostrils. This also is imputed to tho c.\trenic rarity 
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of the air. Avo not friglit, fatigue, and accelerated eivcula- 
tion, sniiliciont to account for the fact, without referring it to 
Hie thinness of the air, espocially -when ivc vetncmbor that 
ovcv-dnvcn liorscs at the ordinary level of the earth's suvfaeo 
often exhibit t!io same symptom ? 

It is believed by many that the sensations cxporienccd on 
the siinnnits of very high mountains, arc incontrovertible proof 
ofthodiminislicddensityof the atmosphere. Unqncslionably 
the act of aseonding by personal oftbrt to a great altitude, 
aftecfs the animal organination. It demands an innnenso 
amount of nrasculai' exertion, and it is no wonder that the 
oftbrt is followed by dtlTicuHy of respiration, lauguor, nausea, 
and other uncomfortable feelings. Instances arc given in 
whicli blood baa gushed from the iips, eyes, and nostrils. 
Humboldt says, "in the dangerous ascent of the mighty 
Ohimborano, after incredible efforts, at sixteen thousand feet 
elevation, we began to bleed at. the mouth, nose, and eyes." 
It is not wonderful that, with the full belief that the air waa 
of only half its usual density, this fact should have been 
imputed to the removal of its accustomed pressure ; though 
it is diflicult to say exactly on what principle a reduced^ yet 
still ct|unl pi-cssurc on the whole body could force the blood 
from its containing vessels, though it can readily be seen 
tliat aecetoratcd ciroidation from intense exertion might pro- 
duce the hemorrhage. Many a mouse has been killed by 
an air-pump ivithonfc having its blood forced from its month ; 
wliy should the partial vacuum of a, groat altitude prodnco 
this elTGct ? 'J-'liero is no cavity of the human body contain- 
ing air which has not a communication with the external air, 
and by tho natural channels an equilibrium could be mucli 
moTO easily readjusted, than by the lesion of the blood- 
vessels. 
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In looking ovci' Saussus-c's ficcouni of his aacoiit of Mont 
3Slnne, wc caino to tUc coneUision tliafc it. was impossible that 
tho painful l)otlily sensations wliich ho {Icscrtbes sliowld liavo 
bccu produced by Hio rarity of tho air. Wo observed that 
twenty men passed the night when ncav tlic summit, crowded 
togctiicF in a hole dug in the snow, and covered with a tent- 
cloth to protect thorn from tlio intensity of tlic cold, tluis 
almost Dxoliiding tlio little air that remained ; and tliat tlte 
roB)>ii'ation of tho jiarty at Hie snnnnit, instead of hoing moro 
full and deep, as if nature would niak^ i le h ft tl o tl 'n 
nesa of the air by the greater quant tj i le 1 si ost 
suspended. When Sawssurc's attcnt o a"? o „ esse 1 1 y 
his baromctrioal observations, ho almo t f „ t to I ca(l o 
it was an cilbrt, — an act vofpi'iring t! o i 1 e of tl o 11 
He romavl(S, "alt experiments nttci I i tl c e 1 

fatigue in this rarefied ail-, and that 6 se vtJo it! /Jt 
you hold i/our breath." In. the descc t lo j, tefoe tl oy 
liad reached air of effectively inci a o I lo ■? tj all tl o 
painful sensations ceased. It was the el of les ? y ot 
the level they bad reached, that was tl o esto at vc S s 
sure accoHuts for the uncxpoctcd relief by saying, " As tho 
motion in descending docs not press tho diaphragm, it does 
not confino tlio respiration, and one is not therefore obliged 
to stop so often to take breath." 'I'he party passed the 
night at a spot only about six hundred feet lower than their 
resting place of tho preceding night, where tlicy had cxpe- 
rionccd so much suffering. Satissure continues, "We supped 
with a very good appetite, and I mado my observations 
ivithout any obstruction from indisposition." 

It is the circumstance of asecnding by one's own ollbrt 
that ci-catos the bodily distress. IVc aro supported in tliis 
opinion by tlie results of ascents in balloons ; for, thougli a 
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gi-catoi' nUitiitle lias bocn thus gained than the liighcst moun- 
tain summit over I'ciichcd by man, and consequently tlie nil" 
lias been aceoixling to theory pi'opoi'tionnlly diminislicd in 
(juantity, yet tlic acronituts fiuftcr no inconvonieiiec on tliis 
score. In a former ctiaptonvogavcono authority for thisfact; 
we ivill now quote from AVatson's Practice of Medicine. " A 
(liuiinution of tlic circnmainhient wclglit of the atmosphere 
is supposed in somo cases to bring on hemoptysis. Blood ia 
said to liave been forced fmm sound hm^ in persona wlio 
liftvo ascended liigli moinitains, wiicrc tlio atmospUcro ia 
vave, and where its pvesswrc is sensibly lessened. I'erliaps 
the labor of aseont may liave sliared in the production of tlio 
Iiomorrliagc, for I am not aware that any sucii effect has 
ever occurred to pcraons n-ho Itavc much more rap'ullif 
readied a very grcftt altitude in ballooiia." 

If tlic painful sensations complained of ivero the results 
of a decreased supply of air for respiration, the discomfort 
would ho experienced by all poi'sons, and under all eircuni- 
stanecs, at the same altitudo. Tiic strong as well as the 
weak wo\dd fool the loss of air, the bold as well as the timid. 
'I'he same altitude however diftora in its cftbct on diftcrcnt 
individuals, and on the same individual at diflcront times. 
AVo extract tho following passage from Itamoiwl's Ascent of 
ftlont Perdu, tho highest summit of the I'yrcnoes : "I 
continued two hours on this summit, during which time no 
being that had life had come within my sight except aii 
eagle, flying ivith inconceivable rapidity. We breathed 
without any diillculty in this rarefied air, found by so many 
so insufliciont for respiration. I have heen myself more 
than once or twice witness to pci'sons of hale and vigorous 
constitutions being obliged to forego proceeding to heights 
much beneath this. J*!vcn Saussure, upon tho defile of tho 
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Giaufc, whero tlio air was by no means so ravcfiod, oxpori- 
enccd an oppresaiou of brcatliiug by somcwiiat more than 
common exertion, but hero wo folt iiotliing of the kind. . . . 
So far from occasioning any weakness, it seemed rather to 
add to my strength and invigorate niy spirits." 'Die only 
cITcet of the elevation that liamond specified was a nioi*e 
rapid circniatton, indicated by an acceleration of Die pidse, 
and some foverisli sensations. 

As another confirmation of our views, wo will mention 
that an atSiletic young friend of ours stated to us, after read- 
ing Saussurc's account to which wc have referred, that ho 
liad oxporlcnced precisely similar sensations wlnlc ascending 
Jialdfftco Mountain in Now I foinpsliirc, whicli is only about 
foHr thousand feet liigh. He thought several times that it 
ivoidd bo impossible for him to reach the summit, so great was 
his languor and dilTicnlty of respiration. Several times he 
Avas obliged to (brow himself on the ground in a nearly faint- 
ing state, ^riieso sensations ho thought plainly attributable 
to the dilheulty of ascent, not to the rarity of the air. On 
Mount Washington, more than two thousand feet higher, the 
ascent to tlio sunnnit of which ■was accomplished chiefly on 
horseback, the only sensation which he experienced was that 
of exhilaration. 

Anotiior friend has given us an account of two ascents of 
Mount Washington. IIo remarked (liat, the first time, he 
ascended on foot, and bcforo lie had holf climbed (ho moun- 
tain, each successive footstep iiainfuUy convinced bim that 
the air was becoming more and more rarefied. By tlio timo 
ho reached the summit, respiration was so dillieulfc that ho 
was rather surprised that the change in the quality of tlio 
atmosphere sliould bo so sensibly felt. His second asceirt 
was on horseback ; this time lie experienced none of tlie 
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former " asHimatio In'Oiitliiiig," aiul at tlio sutiiiiiH " qiuto 
forgot Utat ho was vcspiving rarefied air," 

If tho quantity of air is so seriously diniiiiislicd at great 
altitudes, how is it that lavge cities aro built at elevations 
Nvluch ouglit, accordiiij; to theory, to occasion great sullcr- 
iiig to their iuhahltants ? Among the lofty Andes aro many 
populous cities, enjoying all tho luxuries of life, at heights 
cc^ual to that where Sausswro and his compatilons found it 
so difTicult to breathe on account of the raroiiess of tho air. 
Tho silver mines of I'oto-si a\-o wrought at a height of sixteen 
thousand and sixty feet abovo tho lovel of the sea, a height 
nearly equal to the summit of Mont ISlanc ; and tlio city 
of 1,'otosi stands at an elevation of thirteen thousand 
three huiKlred and fifty feet on the declivity of the moun- 
tain, '.I'lio oity of Quito, with a |>opulation of seventy thou- 
sand, is nine thousand foot abovo tho sea. Among tho 
Highlands of 'riiihet also arc cities standing at great; alti- 
tudes, and sun-oundcd ivitli such luxurious vegetiitionj that 
Cliinese writers, it is said, describo tiiem as I'Ogions of 
pleasure. In this connection wc will mention that a scries 
of meteorological oijsorvations, continued for twenty-four 
Iiouvs in BueccKsion, has recently been made on one of the 
summits of this range, at the height of cigliteen thousand four 
hundred feet, where, according to tho barometer, tho air 
was of less than half its usual density, and " the chief re- 
Bull; was, that tho curves followed very nearly the same 
cisangos that they wore observed to do in tho lower regions," 

Vegetation does not appear to bo affected by altil^udc in 
any other manner than as the height diminishes tho mean 
temperature. BiftcTOnt species of planla become dwarfed, 
and then disappear as the elevation incroaacs, just as they 
become dwarfed and disai)peav as we proceed from tho cqua- 
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tor towards oitlicr pole. In central ICuropc tlie decrease of 
licat is 1*^ 8' for ovoiy five iuiiKlrcd antl tliu'ty-foiir foot of 
vertical elevation ; an ascent, therefore, of two hundred and 
Sfty feet is otjuivalenfc to a progress of about one degree of 
lalitudo. Alpino plants avo commonty covered with a thick 
and close down, which, as liaa been remarked, is analogous 
to the soft fur of northern animals. This Alpine vegetation 
occur.^ at regularly decreasing elevations as we advance 
iiorlhward, and in the Arctic regions it is the vegetation of 
the plains, whcro the temperature is the same as at the 
lofty suinmils of the eqtiatorial Kono. 'I'lio plants of Alpino 
heights have Ijcoii .siiceessfuily cultivated on the plains 
below, when due care has been taken to give them the 
peculiar treatment rc[|uircd. 

But it is supposed that the great diti'crcnce of atmospheric 
pressure ou(i?it to ailcct vegetation, and conscquciilly a 
diftcrcnco between jjlants indigenous at dillcront levels haa 
been traced out. " 'L'he influence of atmospheric pressure," 
says a distingtiishcd naturalist, " Bceins to me particularly 
evidenced in the great, I may say the prevailing number of 
Alpine species endowed with a volatilo fragrance, which 
adds BO nnieh to the sweet and soothing influence of moun- 
tain rambles ; whilst the northern species, however similar 
to those of the Alps, partake more or loss of the duincss of 
the heavy sky under which they flourish." He adds, liow- 
ovcr, " It would he a mistake to ascribe to reduced almo- 
Bphcric pressure the peculiar aspect of most plants in tlio 
higher Alps." May we not consider this fanbiful pi-oof of 
tho pressure of the atmosphere, rather as an expreBsioiv of 
the poetical idea, that science often values tho bouquet in 
proportion to the labor of gathering it, and that, as men 
ascend above tho dcfdements of earth, tho sweeter is tho 
aroma which nature sheds Jn thoir path ? 
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As wo have bofovc said, Nafuvo, so far fmm hiding from 
view, throws lioi-aolf open to the sight. By change in the 
itiodo of Iicr action she appears to invito inspoctioii, — by 
presenting herself »inder many aspects she sccnia to coiu-t 
our oxaininatiou. Wore tlie earth but one unvarying plain, 
many of iiei' pi-ocosses which aro now fully exposed, woidd 
I'cinain hidden. !l'be mountain transports the northern vege- 
tation to the tropics, causing the poSav plant to send forth 
iti! fragrance under the I'aye of the vertical sun j it throws 
up the strata of the earth, as it ivere for examination ; it 
coilccta together tlie extreiuca of temperature ; it places side 
by side the burning lava and the never-thawing snow, — thus 
condensing world-wide plienomena, that their relations one 
to another may l>o perceived at once. It displays not only 
physical resnlts, but the forces which control them, showing 
us in miniature the results of the variations of rotary force, 
the successions of climate, and the changes of electric iti- 
tensity. J'lvcry fact therefore connected with the " cloud- 
eaj>pcd" mountain, becomes full of interest to all who seek 
to undoi-stand the organination of the world, and to trace out 
the laws wliich govern its elomonta, — none moro so than 
the enveloping wreath of vapor which liaa furnished its 
poetic epithet. 

"In tho tropical region of I'aramos," says Hmnbohlt, 
" at an elevation of between twelve and foiu-toen thousand 
feet, some species of large-Jtowering, myrtle-leaved Alpine 
shrubs are almost constantly bathed in moisture, aflbrding 
evidence of tlie frequency of aqueous precipitation, as do 
the frc(pient mists with which the lovely plateau of Bogota 
is covered. j\Iists arise and disappear several times in the 
coni'so of an hoiu- in such elevations as these, and with a 
calm state of the atmosphere. 'I'hose rapid alternations 
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ohavactcrwc tho clovatcd ])lain3 of the chains of tlio Andes." 
By this eondoiisation is furnished from the Iminid atmosphere 
tho supply of fowo required by the high lovo! of tho moun- 
tain, tho moiatnro hcing brought to it i'rom tlic bc(]s of tJio 
ocean, tvhich we havo dcserlhcd as tho storohouso of foi'cc. 
Evovy consideration is interesting wliich brings to onr 
thoughts that mighty Power, ivhich, while it supplies the 
wanta of tho inorganic world, pvovidca also its bnii(|uGt for 
tlio wayfaring sparrow. 

To return from what may appear a digression, — we omit, 
for want of space, a physiological view of our subject whicli 
had been prepared ; but wo will observe that it is at once 
appiicnt, that tho ict of ascondm^ oxhiHStq the bticngth, 
the annnil foice, mncli nioio tinn the simo i[Hantity of 
muscuhi moicment it ont- Ic\d 'Ibc isccnt of a smglo 
flight of shus is felt by tho wcxk, ind tho stiongct expo 
ricn(,e some dillicnlty of ic^pu ttioii m npidl\ monnlinf, 
several flights in succossion. If wo call to mind the fact, 
that the ascent of a mountain is the act of lifting the weight 
of tho body to tlie whole extent of tho elevation, ^ — that it 
requiros the rotary forco for tho now level to bo supplied, — 
wo shall not Ijo at a loss for tho i-cason of accelerated respii"- 
ation, oxbanstion, and of many other disturbances of tho 
animal functions. !Besidcs these, hoii'evor, there may be a 
class of sensations experienced nt a very great altitude, the 
cause of which is independent of tlio muscular cftbrt of the 
ascent. 

^Vo know that altitude causes a difiercneo in tho electric 
condition of tho atmosphere ; positive electricity normally in- 
creases in exact proportion to height. 'J'o the usual degree 
of electricity the body becomes habituated, and an inci'case 
ov diminution of the accustomed (juantity always allbet.'j tho 
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fecliiij;s, If it is lessened, tliero is a depression of tlic atii- 
inal spii'its, wliilc a slight increase brings with it a feeling of 
iiciv vigor accompanietl by exhilaration. Contrast the sensa- 
tions experienced in a wann, damp SHnnncr-day, with (hose of 
a clear, cold day in niid-wintcr. On the otiior hand, a greater 
amount enervates the body by a feverish increase of the cir- 
culation, and invariably diminishes the activity of the respir- 
ation. Wo know from cxpevioueo that an unusual electrical 
oxcttoineiit of tbo liody lias tlio effect to enervate Iho body, 
flush the cheeks, and almost to suspend the brcatli, 

'i'lio electricity of the atmraplicrc, by its fluctuations at 
the surface of the earth, by its changes according to eleva- 
tion, and its diilbrenees according to the seasons, in its silent 
unobserved transfers from one element to another, or in tlio 
sudden loud explosions of tlic thundoi^storm, exercises a 
powerful influence on the vegetable and animal organisation. 
]Jy tracing its effects, not only on that wliich has life, but 
also on unorganiKed matter, wc shall bo able to solve many 
of tho mysteries of nature, ilow nuich positive enjoyment 
might be roecived, how much uneasiness and illness miglit 
be avoided, by a recognition of the power over tho body, 
exercised by the elcctvieal states of the elements about 
us ! ]}ut tliis will never be, so ioiig as gravitation is 
regarded as Ihc coiifi-olling cause of oven bodily sensations. 
In a damp day, when moisture mingled with tho air strips 
the body of its accustomed degree of olcetrie force, and 
depression of siiirils ensues, we look at the sluggish \'apor 
resting on tho surface of the ground, and consider it a pi'oof 
that tliO ivcight of the air, its pressure upon tho body, is 
diminished. So, when tbo cheek is (hislicd, and the blood 
leaps through tlio veins with exhilarating power on tho 
mountain height, ivc again trace lliis opposite cflect to tiio 
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lessened prcssuvc of the air. And ngnin. wlicn by the foil 
of ascent the I'cspiratioii is hmTicd, and tlio body sinks witli 
fatigue, still no cansc is sought for all these divoisc effects, 
but tlio variations in the Bpace which the atmospheric par- 
ticles occupy ! 

Wo ivould mention another instance of ilic tendency to 
impute otlici'wiso unexplained phenomena to altcnitions in 
the pi'csstu'C of the aif. It is well knoivn that the diumal 
variations of the bavotnctcr arc in some way connoefod with 
the diurnal variations in the intensity of the magnetic force 
as indicated by the needle. There arc every day two maxima 
and two minima of each, — the maxima of one correspond- 
ing to the minima of the other. 'I'liero is also a diurnal 
variation in the tension of vapor in the atmosphere ; and, 
as vapor is believed to charigo tho weight of the air, this i3 
supposed to aecoimt for tlio oscillations of the barometer. 
Of course then the variation in the magnetic power is also 
traced to the state of the atmosphere. 'CiuTS alt investiga- 
tion seems to stay itself upon the condition of the air, M-hen 
further research most unquestionably will show that the va- 
riations of tho barometer, and of tho magnetic force, and tho 
different degrees of the tension of vapor, arc traceable to one 
cause,' — to the changing positioiv of the surface of the earth 
with rcforonco tothoccntreof her movement, —-to tho trans- 
fers of force which preserve tho equilibrium of her motion. 
These changes, as c.stcnsive as the surface of tho earth, cor- 
responding to her daily movements, varying too with tho 
seasons as she traverses the different parts of her orbit, — 
mnat they not all dcpoiul upon the same cansc, — - the force 
which controls Iter daily rotation and her annual revolutioit ? 
The same force which circulates through tho earth permeates 
tho air, and in its changes and transfers this force must move 
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the l)afomolor, touch tlic nccdio, and dctonnino t!\c liso antl 
fall of vapor. 

Wc asked, in a fovnior eltaptcr, wliy coiitimic to traec all 
the phenomena of this beautiful world to one catssc only, 
and tliat a cause,, alloiving to it all the vivtuc and efficacy 
which it can reasonably claim, so inadequate for thciv expla- 
nation, its only logitlmato operation hoing to determine tlio 
position of matter, — the point of space which any atom 
should occupy ? l>oes it not rcpi-ess inquiry, and arrest the 
mind in ils search after truth ? Tho belief in the attractive 
force of matter is not only the foundation of the structure of 
our present philosophy, but it places every stone of the edi- 
fice, and Biiporintcmla oven ils finish and its ornament. 'J.I10 
mind has no occasion to exert itself further, liy gravitation 
is explained tho act of drawing the firat nourishment, and 
tlio last expiring breath ; tho child totters under it in its 
firfit attempts to walk, and old ago resists it with its staft', 
Wc sec only this force of senseless mattoi- when the pendu- 
hnn swings, wlicn tho stone falls, when the vessel floats, 
when the vapor rises, when the clouds liang heavy over ouv 
heads. We trace its effect in tho descending rain, in tho 
rushing of tho mountjiin brook, in tho flow of rivers, in the 
swell of tho tides, in tho outlino of continents, in the shapo 
of tho earth, in the form of her orbit, in tho rusli of tho 
solar system through space. Wc imagine oven that by tho 
whirling of " Stardust" new worlds are gradually added to 
tho realm uTider tho sway of the attractive power of inert 
matter ! 

AVo pause for one moment to glance back at the extent of 
ground over which we have so vapidly passed. The facts 
that we have endeavored to Cianiino are mimcrous and 
varied in their character. Had we the ability, wo havo not 
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tho space to present Uicm in fhciv fuhioss of scicntirio (Ictail, 
)ioi' is it necessary in a treatise of tliis nature. But we 
have attempted in simple language, with tlie least possible 
use 0? teclniieal piirascology, to group togctlicr many plicuo- 
incna inider a new theory for their explanation. 'Die result, 
in spito of orroi's and mistakes, we hopo may tend in some 
degree to strengthen interest in tho works of natiii'c ; for 
in whatever light tho world is viewed, in whatever asjjocb it 
is considered, its beanty is apparent ; and though the oHercd 
theory bo rojceled, it may hcnefit some minds to forget for 
a moment tho established explanations of things, that they 
may sco creation with a light fi'om a new direction touching 
Bonio of its prominent points. If we havo substtttitcd for 
logical dcd\iction an allusion to tlie " laugjitcr" of the exult- 
ing wave, ■- - if in place of the formula of the matliematician 
we havo introduced a text of Scripture, ---if wo have cjues- 
tioned the attractive power of matter, and donbtod whether 
it be indeed the cause of all tho varying phenomena about 
us, — if wo refuse to admit the idea that tho universe c.iisfs 
in its present form from the necessity of the case, because 
it could not be otlierwiso " considering tho known pi-oper- 
tics of matter," — ■ it is because when wo look at nature, wo 
wish to see more than tho mere exloi'ual lineamonts ; — ■ we 
would trace out tho " Indwelling Spirit" which pervades 
every part ; whicli is tho cause of all change, of all move- 
ment ; which is to the univcrso of matter what the life of 
man is to the body with which he is clothed. We would /erf 

" A presonco Ihnt rtisliitbs iis "illi tlio joy 
or cicvntcil llioiiglit^ i n sciiso Kiibllino 
Of Btniiclliiiig far more ilcci>ly imoi-fiiscd, 
Wtiose dtvclling is tlioli}>lit oFscltlnjr suns, 
And ftio round ocean, nud ilio living an, 
And (lie liliio sky." 



jiGoogle 



cnAF-mm ix. 



'I'iiH tides arc often referred to as a proof that, the law of 
gravitation oxtonds to the splici-es. 'I'hoy arc looked \i])on 
as tlic visible aiul tangil)!© vcswlts of tlic attractive power 
of the sun and moon over the watei'S of the ocean, — as a 
fact which appeals to the senses, — as an evidence of the 
doctrine adapted to the pop\ilav mind. Witlsont the tides, 
it is said, " tlie priueiplc of the universal attraction of matter 
would rest solely on ahstmso reasoning, on abstract maihe- 
inatica) deduction." The tides indeed arc jMcsontcd by 
many, as settling the fact, that the law of falling bodies 
extends xipwaixl to t!io splicrcs, giving them their motions 
and their mutual influences. 

liut the tides fail alto^'^cthor to answer this pai-poso among 
the unseicntific. It is popidarly believed that the sun and 
moon are, in some way or other, connected with tlio phe- 
nomena; how, and why, is nofc inidcrstood. There are 
questions asked which the books do not answer ; doubts en- 
tertained, which the theory of gravitation does not dissipate. 
[L'hero is rather an acquiescence in the statements on this 
etibject, than a full and hcai'ty assent. There is, too, a wide- 
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spread rumor tliat pliiiosopby itself, witli nil its etrciigtli, 
niid wilU all its help from abstruse niatlicinatical rcasoiiing, 
is bnflicd in the attempt to explain tlic tides as a result of tlio 
law of gravitation. 

"\Vo ijelicvo tliat, if tlio sun and moon do attract the waters 
of the earth, this attraction cannot produce the phenomena 
of the tides. I'o sti'cnjftheii us in this belief we havo high 
anthority. 

I'l'ofcssor IJrninlc expresses the opinion thai the collected 
facts on this subject are in advance of the theory ; and that 
these facts wait for a move accurate dctcriTiination of the 
principle.-) of hydrodynamics, or the laws of the motion of 
water. I.a Place expressed the belief that the collection of 
more facts, at the observatory at Brest, a plaeo well adapted 
for observation, would account for the discrepancy of the 
theory with the then established facts, 'Whewelt, in the 
rhilosophy of the Inductive Sciences, says, " 'L'he tides are 
a portion of astronomy, for the Newtonian theory asserts 
these curioiis phenomena to be tho result of the attraction 
of the mn and nioon. Nor can there be any doubt but tins 
ie true as a general statement, yet the subject to the present 
time is a blot upon the perfection of the theory of nniversal 
gravitation, for we aro very far from being able in this, as 
in other parts of astronomy, to show that theory will account 
for the timo, magnitude, and all tho other circumstances of 

tho phenomena at ovevy place on tho earth's surface 

And what is the portion of our mathematics wliioh is con- 
nected with this solitary, signal defeat of astronomy ? 'I'lic 
attempts of the greatest mathematicians, Newton, ftfaclau- 
rln, Eornouilli, and Iia Plaoo, to master sueli (luestions, all 
involve some gratuitous assumption, which is Introdiiced be- 
cause tho problem cannot be otherwise mathematically dealt 
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with ; tlic^o nssiiinptions confessedly render tlio result 
dercctlvc, ami how defective it h hard to say." 

Yet iiotwithslanding that the theory is thus questioned 
by truly great uicii, it is still presented to the popular 
liiiud as a proof of the law of universal gravitation. 'J.'ho 
assumption liiat this " blot " arises from defects in mntlio- 
inatical reasoning, or from Ignoraiico of tho laws of the 
motion of fluids, is entirely {sratu'Uous ; for, without ve- 
course to mathematics, without tho assumption of any laws 
of liydrodynamics oxeept thoso xinivcrsally acknowledged, 
the discrepancy between the facts and tho theory is fully 
apparent. 

AVo ivordd call attention in tlio first instance to this incon- 
trovcrtthlo position. '.I'ho ))ower of attraction, according to 
the law of gravitation, and consequently tho attractioir of 
any heavenly body, is inversely as the distance, and directly 
as the quantity of matter ; or, popularly, attraction docronsos 
with tho distance, and inci'oases with tho quantity of matter. 
If this law is abandoned, tho theory of gravitation is nmiihi- 
latod at once ; if it bo i-otained, tho theory of tiie tides must 
bo abandoned. l''or the waters at the surface of the earth 
avo nearest to tho earth, and the quantity of matter of tho 
earth is as forty-ciglit to one, compared with the quantity of 
matter composing the moon. Now with this vastly inferior 
attractive power, how can the moon's attraction ovcrcomo 
that of tho earth ? llow can the jnooii raise the water in 
the least degree ? A magnet of inferior power never de- 
taches a pioco of iron from a magnet of greater attractive 
force. 

Again, if the moon can raise the waters of the ocean from 
the earth, the attraction of the earth decreases as the waters 
go up from her centre, while tho attraction of tho moon 
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increases as ihoy come nearer to licr centre. The idea, 
Ihon, tliftt tlie inooii can elevate the tidal wave one inch, 
iiicliulcB the idea that tlio ntoon can draw tlio ivators of the 
earth to her very gnvfacc, ■— ■ tlie grasp of the earth being 
gradually relaxed, and tho iioid of the moon gradually 
Btrcngfclionod as the waters ascend. 

Or else there ia si focus or comnwn centre somowliere 
between the moon and the cavth, where the gravitating 
forces of the two sphoi-cs produce an cqinUbriiiin, and ivbcre 
the elevated waters would remain, and be at rest, — tho 
property neither of the moon nor of the earth, — belonging 
exactly to neither sphere. 

If the moon attract the ivaters of this globe, then sho 
attracts equally all tho water of one homispbcre, the 
hcHiisphoro nearest to Jior, and depresses equally all tho 
waters of the other hemisphere. Wo say c(i\ially, for it is 
so pvaetically ; theoretically the waters at the point nearest 
the moon would be attracted more than the waters at 
tho horiKon in the proportion S'H.OOO^ to 240.000^. 'J'hc 
j-esnlt of this would bo tlio equal elevation of ail the watera 
of one homisi)hero, and tho equal depression of tho waters 
of the opposite homispbcro ; and this inequality of tho hoiglit 
of tho waters would bo propagated round the earth by her 
ivjtalion. The result of this attraction by which tho earth is 
forced to relax her hold on a portion of l\or ivatei's, and in- 
crease tho hold on other portions, wonld be a current of 
water rushing round the globe at tho rate of one thousand 
iiiilea an hour. 

'i'he comparativo power of tho mm and moon as mathe- 
matically deduced from their different quantities of matter 
and distances, to serve for the theory of tho tides, is 
roughly stated as twenty to fovty-niuo. The sun, then, 
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has Icna tban half the .itLractivo power of tlio moon at 
ttio svirfitoo of this globe. If the moon has this B»|»crtoi' 
attracdon foi' one piirjioso, she has it invariably for all pvir-, 
poses, iiii<l shoukl manifest this siipei-iority not olily in tho 
plicnomcna of tho titles, but in every phenomenon con- 
nected with tho gravitating or attractive power. 'I'ho glo- 
rious hnninary, tho centre of attraction of all the pjanots, 
so hvgc that if they wero united in ono mass, thoir nggve- 
i;ato «oul(l he to the sun as a pebble to a niill-stonc, stands 
aside shorn of his power, degraded to tho position of a satel- 
lite to the moon, — his humblo oflico, in tho words of tho 
theory, being "to prime and lag" the tidal wave which 
follows the sweep of tho majestic moon aoros^ the horizon. 
'I'ho sun, ^vhen drawing apart with a force of 3f)5,000 spheres 
of the sine of tho earth, luanifcsts not oven tho power to 
uplifE a little tidal wave, to follow in tho wako of the enor- 
mous wa\'0 of the queen of the skies, the solar lidal wave 
whicli, if lie have any power, should at times follow tho 
hniar wave easterly, and then again westerly being never 
scon ; for even this littlo display of force the theory cannot 
allow him because of stubborn facts. 

iiat let thoso wJio upliold tho theory proclaim its defects 
for themselves. It needs not our aid to show that it is 
utterly iusufliciont, and that it is an induction from the the- 
ory of gravitation, not a deduction from tho phenomena 
which tho tides present. 

AVo make the following quotations from tho article on 
tides in the London Encyclopedia : " The reader will pw- 
bahly be making some comparison in his own mind of tho 
deductions of this theory with llie actnal state of things ; 
ho will fmd some considerable resemblances, iwt he will aho 
find Si(eh great differences as will make him douUful of its 
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justice. Jn very few plueca docs the tngli watci' happen 
witliin tlivco fourths of au hour of tho moon's southing as 
tlio tlieoiy leads liim to cxi>cct, and in no place whatever 
does tho Spring tide fall on the day of full and new moon, 
nor tho neap tide on tho day of hor quadrature. 'I'heso 
always happen two or three days later." After referring 
to some other deviations of fact from theory, which dovia- 
tioi^a the writer accounts for Ity the operation of local canaes, 
ho continues, •— " 'J'hero is also a general deviation of tho 
theory from the real series of the tides. 'Whcn.thc moon 
enters her second quarter at noon, it is liigh water at JJrcst 
at 8.dO instead of 9.48, which theory assigns. Something 
similar and within a few minutes is observed at every place 
on tho sea-coast. This is therefore general, and indicates a 
real defect in tho theory. Indeed, we Jiavo no rules hut 
what are purely empyrical, or wliich suppose a uniform 
progi-cssion of tho tides." 

Tlic theory of tho tides could not stand for a moment 
were it not liehl up by tho doctrine of vis inerlite. 'I?hc 
indistinctness of this vis ineytim is a very convenient mist 
to throw over the defects of the theory. If the (low of water 
docs not show itself at tho right time, — at the time fixed 
by theory, via {7te>-tice of rest holds the waters bach ; on the 
other hand, if the flow arrives uninvited by the theory, vis 
inertite of motion brings tho unwolcomo presence. 'J'his 
ois inertice has been called "a force of inactivity, — a 
forceless foi^co, analogous to a black white, a cold heat, and 
a tcmpestHOua calm, li'or these reasons we are ineiincd 
to think," continues our author, "that bodies arc wlioliy 
pa^ive, that they endeavor nothing, that tlicy contimio in 
motion or in rest by whatever begins tho motion, and con- 
tinnc to move so long as the eawso continues." But the 
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property of i>is inertia;, sis wc have said, is convenient ivlicii 
(jtiibborn facts will not bow to the asserted theory. 'I'lms 
the hai)pcning of spring tides two or Ihvee days after tho 
full or now moon can be accovmted for, — the tidal wave con- 
tinuing to rise after the cause of its rise is weakened, from 
the habit which the water lias acquired of increasing its (low. 
Wc copy tho following explanation of one of tho doubtful 
points in tho present theory of tho tides, from Sir David 
]Jrcwster's Life of Newton. "IJut the most perplexing 
plienomcnoii of tho tides, and one ■\vhich is yet a stumbling- 
block to poi-sons slightly acquainted witJi tho theory of 
attraction, is tlio existence of high water on the side furthest 
fi-om the moon at tho some time as on the side next to the 
]noon. 'L'o maintain that the attraction of tho moon draws 
towards herself and at the samo time from herself, seems at 
first sight paradoxical. But tho difficnlty vanishes when we 
consider the earth, and the waters on each side of it as threo 
distinct bodies placed at different distances from tho moon, 
and of course attracted with forces inversely proportioned 
to the scpiarcs of their distances ; the waters nearest tho 
moon will bo much more {lowcrfnlly attracted than tho 
earth, and the eartii more than the ivatoi's farthest from tho 
moon. 'Jlie consocpiencc must be that tho waters nearest 
tho moon will rise fiom then Ie\cl, while th*. eaith mil bo 
drawn away from the w it is b(,lnnd tho ciith, which witt-i-s 
as it were will be left bcl md, md bo m the same -iitualson 
as if raised from tlio eaitli in i dneetion opposite to tint in 
wliicli thoy were atti lotcd by the moon ' Sii Jo) u iici 
schell cx])lains the difticvilty in i siimhi imnnoi tndccd, 
it is probably tho boit solution tint i^aii bo f,iven undoi tl c 
theory ; and it passes cuiunt without (\immation, n t\uth 
standing \h obvious defects. One would suppose that the 
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cavth's attraction might keep the wfttoi-s at tlio side opposite 
to tlie iHOon close to hei' bosom, especially wlicii assisted by 
the attraction of tbo moon dra'.vin;? in tlio same direction. 

Gravitation, if we admit all tliat is claimed for it, will not 
cover tlio phenomena of tbo tides. Imagine a minlatare 
ivorld, with its dry land, its lofty mountains, its wide-spread 
oceans, and its enveloping atmospliem, placed ivithin the 
spliovo of the cai'tli's nttraetion. Jlovi woidd the cartli act 
upon this little world ? She would draw it towards hcvsolf, 
with a force opei'atinjf equally on its every atom. If it 
moved toward the earth throngh a resisting medium, the 
more solid parts might advance moiy! rapidly than the 
rarer, — tho granite rocks than tho thin air ; if it moved 
throngh void space, every part would advance with equal 
rapidity, nil retaining the same relative position. 

So if tho earth is attracted to the moon, every atom is 
attracted ; and, if there is any motion induced, every part 
moves equally. Indeed, astronomers a-ssert that " the 
earth is constantly falling to tho moon, being contlunally 
drawn by it out of its path, the nearer parts move, and the 
remotev less so than the central." liut the attraction of all 
the particles of the earth for each otiicr, which gives it its 
form, — which nionlds it into "this goodly ball," is too 
great for the meou to separate its elements, to tear it apart 
as it were, — to elongate its mass so as to cause tho tidal 
(low. If tho moon attracts tho earth at all, it must bo as a 
ivhole, — as one mass. She cannot have greater power ovev 
one portion than over anotlicr of the earth's materia!. The 
theory of gravitation docs not give tlie moon eleciivo attrac- 
tion, by which sho is enabled to move tho waters of the 
ocean, yet leave nntouelied the waters of the groat lakes, 
or to lift the ocean and leave nnmovcd tlie bed on wliicli it 
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rests. And if bIio can lift watcv away from iis own centre 
of attraction, wliy ilocs slic not raiso tUo sands of tlio 
desert, tlio atmospliovc, vapor, and the descending rain ? 
So evident is tliis idea, that a eeientifio man in 1''ranco, 
after writing a treatise on tlie tides in aecordanco witJi ll\c 
present tlicory, rcnmrkcd, how strange it is that (ho moon 
should possess tliis power over the watoi-s of the ocoati, 
when wc !<»ow sho cannot draw towards herself a feather 
floating above tJicm ! 

't'lio extension of the law which is supposed to determine 
the fall of bodies, into a nniveraat principle pertaining to 
all mattcv, is coraidored as one of the niosb important 
aohiovoments of philosophy. The great glory of the theory 
is its nnivci'sality, —■ the extent of ground which it covers. 
'J'ho tendency of philosophy thcrofovo is, never to narrow 
its raii^o, but by all poasiblo moans to extend its applica- 
tion. A fact that has once passed under its sway is held 
with a tciiacious grasp. It ia withdrawn from farther 
examination. 

'I'hc theory of the tides is an instance of this. 'J'ho tidal 
wave rises up against the very law of falling bodies ; it 
escapes from the attraction of the earth. Iiooking upward, 
astronomy sees the moon, a smaller body than tho earth, at 
a groat distance from it, and endows her with powov to 
overcome the attraction of the greater earth, as regards tho 
waters lying uj^n her very bosom. 'L'ho niathematician can- 
not reconcile the theory with facta, the scientific man looks 
incredulous when ho teaches tho doctrine, and plain com- 
mon sense absolutely roftiscs to believe it. 'i'hns it remains 
a doctrine assented to, but not believed, — asserted with- 
out being fully comprehended, — declared by men of the 
strongest minds to be a ^'6lot" upon the theory of univor- 
20* 
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snl gi'avitfttton. Why not boUlly aljandon the tlicory, antl 
eeok for a bottor t I''act3 will ]iot support it, and facts never 
change liiciv argument. Tliey ^vill not tlo in tlio future what 
tjioy have refused to do in tUo past. 

Our knowledge of the gn,afc t (hi wwch of thf ocoti s 
gained only tlu-ough the fict'i pcscntcd h) llic tihl clb 
and !low. 'l!he swelling and "^hunKni^ of the octan is too 
small eompavod with il o extent f its siifaco to be icie \ 
tiblo ; for above its ^ist c\pan<iD thoio is no fixed poi it by 
wliioh to measure it^ iltitudc IJufc on tlio coT-t-i tlie eon 
soquent cuiTCnts aio noticed an I tho i ao ind fill of the 
waters can be mcasmed Only by these ehan, es of Io\el 
on the shores, are the altcinations of the yeat deep made 
liiiown. It is the tiilal ebb and flow winch indicate tho 
eharactof of tho tidal iva\e pie lucnio them 

'I'ho ebb and flow both contniuo fn six bonis that 11, 
from elevation to clovxtnn, ind fiom depicssion to lepics 
sion, there is an interval of twelve honvs. '.I'Iuh, bowovcv, 
would bring the time of high water to the same liour every 
day ; but in addition to the regular interval, a half rotation 
of the globe, there is a lapse of time botivccn the tides, occa- 
sioning what ia called their pi-ogression, which continually 
rotawls the time of liigh water to that degree that tho pro- 
gi-esslon completes ita period, and tlio phases of the tides 
completo their revolution, returning to tho same hour, in 0110 
lunation, or in tho time of one revolution of tlio moon, '.llic 
tide commonees its ibw sluggishly, gradually increasing its 
velocity until towards high water ; it then slackens its speed, 
and when the full heiglit is attained, it pauses awhile until 
the depression of the great tidal wave recalls tho waters, 
which in their ebb manifest the same increase, diminution, 
and cessation of current. 
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'I'hcso arc Uie daily iilioiiomena of the tiJcs, tho extent of 
thcit How and the direction of tho currents being somewhat 
modified by local and temporary caiisea, such ah tho con- 
figuration of tho coast, and tho force and direction of tho 
winds. IJcsidea these irregular and occasional liuetuations, 
there aro also poi'iodical changes winch arc important, as 
they point to tho nature and character of the producing 
cause of the tidal wave. '.I'licsc periodica! variations arc 
governed hy the seasons of tho year, hy the position of tho 
moon in relation to tlic onrth, and by tlic hour of the day at; 
wiiich high water occurs. 'Jlic greatest or spring tides tahc 
place two or throe daya after tho new and full moon, and 
tho smallest or neap tides at about tho same lapse of time 
from tlie (juadrafui'cs. 'Piicrc is also a diftercncc between 
tlio day tides and the night tides, and hetwcen those of 
summer and of winter. 

To obtain a distinct view of this subject wo must separate 
the oftcct from f lie cause, — the cnrrcnt rnnning to imd from 
the coast, increasing and diminishing tho waters in bays and 
harbors, fron> the elevation and depression of the ocean ; wo 
must distinguish the tidal flow from the tidal wave ; for they 
ai'o separate and distinct in their character. 'J'iic great 
tidal wave is tho vertical elevation of tho waters of an 
ocean, — the tidal flow is merely a surface current, running 
on an inclined plane, at the rate of a few miles an hour ; 
and as the tidal wave by its rise or fall changes the Inclina- 
tion of tho piano, tho consequent current changes the direc- 
tion of its flow. Tho tidal flow therefore is the result, not 
the cause, of the alternations in the level of tho ocean. 
Compared with tho groat oceanic currents, the immenso 
westerly current of the tropics and its branches, and the 
polar currents, the tidal flow is utterly insignificant. JJiit 
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all tlicso mighty oeoan curveiits arc lifted up with the great 
tidal waves. 

'.I'o form thc3o waves the ocean watera of ttio two opjiosUc 
lioinispUcres avo elevated, and tlicrc ia an accoiiipanyiiig 
clopvo33ion at the equidistant points ; and l)y the rotation of 
tlie world caeli part of its surface shares in tho altcvnattons. 
'I'ho question is, what is tho impulse of this vast oseillation, — 
what the dynamic power for this altornato I'iao and full of 
the watci^ of the globe ? Tho even-balanced sea, thougli 
so free to move, does not of itself lift and depress its volmne. 
'I'hcro is a moving power, — an impulse ivhich gives llie 
mighty motion. As winds in passing over tho surface of the 
sea form minor waves, so is there some force wliieh pene- 
trates tho ivators, stirring them to this vast tidal ptxlsation, 
swelling and shrinking them on every shore, in the bays and 
harbora of every coast. So that instead of a dead level, or 
a level storm-disturhcd only, there aro over varying and 
periodic alternations of surface, ministering to the wants of 
man, and presenting to Inm one of tJio most interesting 
phases of the " life of tho world." 

In all oscillatory ntovement, as in tho swing of a pendu- 
lum, there is a transfer of force according as the level 
changes. 'I'ho descending wfttov gives owt tlio no longer 
needed force of rotation to tho water rising to tho higher 
level, the mean altitude and the mean degree of force re- 
maining ever the same. But oscillation docs not furnish its 
own impulse, 'i'o account for the tidal wave, wc must recur 
to a regular and periodic passage of foi-cc which touches the 
waters, imparting to tliom their motion. 

Tho force winch causes the tidal swell must be of varying 
intensity. We refer not to local and occasional changes, 
but to periodic alternations in its strength. The motive 
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jxiwcr of the tides vanc^ m degree according to iho position 
of tlie pavt of the cavtli at wlticli it is high watci' iti volation 
to tho centre of licr orbit ; it varies according to the position 
\vliich tho earth ocoiipica in lior orbit, and her position 
in relation to the moon. In other \yorcts, the hour of tho 
(lay, the season of tho year, and tho phases of the moon 
point to tho cliahges in tlie intensity of the impelling force 
of tho titlal oscillation. It is then connected with the earth's 
motion ; it isj a branch of the same force. It comes there- 
fore from that ivlnch Is ivorld-wido in its action, from that 
which increases and diminishes the great movement of tho 
earth ; for ive trace all its changes to the portm-halions and 
vicissitudes of her rotation and revolution. 

Tho force of terrestrial magnetism was formerly supposed 
to be of limited and partial action, — to pertain to a class 
of metals only ; but recent discoveries prove the universality 
of its power over every land of matter of ■which the world 19 
composed. The oxygen of the atmosphero has been recently 
proved to ho the subject of its power ; and certain crystals 
suspended by a thread of silk arc found " to talce under tho 
divcction of tho earth's magnetism a detcrmiuato and fixed 
direction," acting as magnetic needles, " pointing constantly 
towards tho poles of the earth, towards the magnetic poles, 
or toward some aaimuthal point," 'J'ho transfers of elec- 
tricity, once considered as the passing of matter from the 
positive to the negative olcotric state, are now regarded 
as tho plus and minus in tho present rjuantlty of a pervading 
power, and clcotrical phenomena are deemed the evidence 
of a restoration of tho oquilibvium of force. I'lutoBOphy 
rocogiilxcs a force (lashing tluxiugh the sea, permeating tho 
atmosphere, and pcnetratiiig into the solid earth. 

Nor is \\\iii force spnsmodic and irregular in its transits, 
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Thoro arc pei'inanont eHrrents indicated by the magnetic 
nccdio ; foi' the constant action of tlio needle can be caused 
only by a continued (low of the galvanic stream ; nov m the 
flow of uniform intensity, but it is subject to rcgulav and 
periodic alternations of strength. JJctwccn tho tropics, 
wlicro by the greater diameter, and the consequently greater 
degree of rotary force, the electrical and magnetic phono- 
moniv are move fully developed, the hour of the day can be 
determined " by the position of the needle, its well as by 
the clianges of the barometer." Humboldt believes in the 
cxiatenco of many systems of iiiagnotic currents ; ho de- 
scribes the incessant oscillation of all magnetic phenomena 
" according to tho houi-s of day and night, and according to 
the seasons of tho year, and according to tho ivhole conrse 
of tiio year," so that wo arc compollod to believe, that thoro 
arc regular and constant transmissions of force around the 
world, to preserve the c([uilibrium of motion between the 
dilforont parts, as by their changing position thoro is a 
necessary acceleration or retardation of their velocity. 

In our reniarks on tho baromotor wo rofen'cd to tho oscil- 
lation of tlio oai'th's circuinfcreneo, by ivbich thoro was at 
tho opposite points an cidargcmcnt of the diauiotor, and a 
contraction at tho intonucdiato, equidistant points. It is 
not tho baromotor only which indicates this fact. 'J'ho 
action of the needle strengthens us in this opinion. If thero 
is this swelling and shrinkiiig, there aro parts of tho glol)o 
which, by their wider orbit of rotation, would require tho 
greater force of propulsion, and parts wliieh by their subsi- 
dence would requiro the less. 'I'hcrc must needs bo a 
transfer or passage of force, and, tho action of tho needle 
being dctcvmined by the onrrcnt of force, this transfer 
would be in.dicatcd by its inovcmcnts. Accordingly we 
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find, that tlio nocdlo hiis its two maximti and jniiuma of 
horizontal intensity, corrcspouding to tlio maxima and min- 
ima of tho bai'onietor, coinciding with noon and niidniglit, 
morning and evening. In tho transfors of force to pvcscrvc 
flic equilibrium of motion, tlie current would be the strongest 
and tbc ivcakcst at tlio points indieatod by tho corrcsiiond- 
ing degrees of magnetic intensity ; at tlioso parts tlic baroni- 
oter indicates tho greatest change of level, which causes this 
transfer of the force of ix)tation. 

Again ; there is another manifestation of tho need of more 
and of less foi-eo at these opp(»ite points of the earth, from 
the differing degrees of tlic intensity of the tensioii of vapor. 
Without any known cause, water at certain times passes into 
vapor, and at others tlio vapor condenses under the same de- 
gree of temperaturo. Besides the occasional and irregular 
exhibitions of tins phenomenon, there arc also periodic alter- 
nations, corresponding with tho hour of the day or night. 
'X'ho tension of vapor has also its two maxima and minima, 
covrcspondingto those of the barometer and the compass. Wo 
bolieve that this alternation is governed by the need of more 
or less force of rotation of the several parts of tho earth. 
'\Vhcn force is required the vapor condenses, -— when it is 
super-supplied, the water passes into vapor. Wo liave re- 
peatedly referred to this as ono of the means by which the 
cquilibriimi of motion is maintained. At first sight, tho 
inikience of this altornate vaporization and condensation may 
appear of little value ; but on tho great scale of nature's 
works, witb tho wide ox))ansc of the snrfaco waters of our 
globe, it is indeed a vast agency. It has been supposed that 
vaporiKation and condensation woro dotormincd directly or 
indirectly by temperature ; but how can this be when vapor 
is formed alike luidor the vortical mn of tho troi)ics and from 
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the fronen oceans of tho poles, enow ami ice, as wcil as tlio 
warmest surface water, tlirowing oft' vapor which condenses at 
times in all altitiulos, and uiidcr every degree of sensible heat. 

I'ho tcmiicvatuvo, positive or relative, producetl by the 
sun's vays, appears alfogcflicr insuHieicnt as the direct or 
indirect causo of the passage of tlic currents of force. It 
cannot explain tlic maxima and minima of tlio barometer, of 
the needle and of tho tension of vapor, any more satisfiicto- 
vily than it could explain the two daily maxima and minima 
of tho tides. 'I'he sun's influence changes tho temperature 
of tho earth only a few feet beneath its surface, and 
tlio temperature I'arics according to elevation ; yet tho 
barometer, \\hcthcr suspended over sunny plains or eavried 
to the summits of snow-clad mountains, notes equally the 
diurnal changes ; and the needle in caves or mines, where 
the thermometer showo that the solar influence never pene- 
trates, records tho hourly increase or diminution of the 
jnagnctic stream by which its motions ai-c governed. Mag- 
netic storms also pass over vast portions of the earth, disturb- 
ing tho regular action of the magnetic needle, wliatever may 
bo its altitude of position or tlic surrounding tcmperaturo ; 
and if tho needle is allcctcd all over the world thns slnnilta- 
ncously by magnetic storms, surely that which causes its 
regular action has an equal range, — a range far too vast 
to owe its power to changes of femporaturo, wliieh from 
their nature are limited and local. If the perturbations of 
the needle are world-wide, so is the cause of its normal 
action. 

Unquestionably all these phenomena, constituting tlio 
threefold manifestation of the transfer of force, are connected 
with heat, — not with heat from solar infhicnec, bnt witli tho 
sensible heat evolved by the passage or readjustment of tho 
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inagiwtic force. I'hc tciiipcvaUiro of soft iron is raised by 
(lie process of infusing into it the magnetic power ; the tseat 
of tlic eai'tb, below the stiifaco at least, wo botiovc is dotor- 
mined by its degree of magnetic force ; tlio magiietic polos 
arc the poles of cxtrotno cold. '.I^ranafcra cannot take plncc 
without indicating that heat is another term for tlio force of 
motion. "'L'crrestrialmagnctismj" says Iluinboldt, "stands 
in most intimate relation with tlio intevnal as wol! as tSio ox- 
tornal heat of our planet. .... JSut tbo old explanation of 
the horary variations by tbo progressive wanning of tho 
earth by the rotation of the world, must be limited to its upper 
surface," For the solar heat and the consequent changes 
of temperature do not always vonch tlio instruments which 
altoriiatc in their action. !l'hcy arc touched and moved by 
the force of terrestrial magnetism, and tlioir variations 
record tlio changes in the intensity of its passing currents. 
]!ut, besides the transfer of force for tho adjustment of 
tiio rotary motion of tho parts of tbc earth, which by the 
oiiciHation of siu-faco need tbo greater or the less degree, 
there is another flow of the magnetic power to restore tlio 
c(|uilibriHm of tho cai'tli's motion in lior orbit of revolution. 
Il'lioy both affoot tho needle, combining to produce its varied 
phenomena as well as the many moteorological changes 
and vicissitudes, which present tbo action of tbc two causes in 
various degrees of relative intensity. Tins globo requires 
less of the force which impels her in her orbit at some parts 
than at others. The point nearest tho centre of revolution 
describes an orbit eight thousand miles loss in diameter than 
tho point which is tho most remote, and generally one hemi- 
sphere needs less of the force of motion ^hon tho othor. 
'Che rotation of tbo earth continually changes the position of 
every part in relation to tho centre of tlio orbit. There is, 
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therefore, a constant, unremitting passage of force from one 
part to the other, from one hemiapliero to the opposite. 
This ■which for the want of a better name we call the spare 
force <jf resolution, we consider as the motive power of the 
tides, — as the impulse ^vhich causes the oscillation of the 
great deep. 

That there is this passage of electiical or magnciic force 
around the glohe is acknowledged ; and it aeems evident 
that it cannot be caused by the progressiye warming of the 
surface of the earth. If we are right in our conceptions of 
the nature of force, a flow must be produced by the unequal 
orbits described by the different parts of the earth, as they 
are more or less distant fiom the centre of revolution. 
This inequality appears to us sufficient to produce a transfer 
that would account for the results which we impute to it ; 
for there aie instruments of such delicacy, as to detect a 
variation of one forty-thovisandth part of the magnetic inten- 
sity, and surely nature would register in her phenomena the 
differences m the degree of required force in orbits which 
vary eight thousand miles in diameter. 

There is another consideration which supports our belief 
in the reality of this transfer of force. It is, if we may be 
allowed the expression, the necessity of a life-giving circular 
tion, to impart to the face of nature iis ever-varying beauty, 
to produce those changes and vicissitudes which minister to 
the enjoyment of life, and to create that ceaseless activity of 
the elements which brings the world into sympathy with the 
activity of living beings. Without this it would seem as if 
all things would harden into monotony, and the power now 
BO fully exhibited in exciting and controlling the elements, 
would be hidden by the dull, unvarying uniformity of its 
action. Vfe live in a world of change, but of change so lim- 
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itcd that tlic atoim only hoi^htens the onjoymoiifc of tlic cahii, 
while it liaa \ioviQy and beauty of ifa own, — of cliaiigo so 
limited, that iiistead of manifesting chance, it unfolds de- 
sign, the cycle of vicissitudes showing tlic steadfastness 
of the ILiiu! wliich govcnis them. 

Our belief in the neecssity of this constant transfer of 
force is further supported by considerations drawn from tlio 
avrnuKonicnta, by which activity of motion is produced in the 
other iilanota helonging to tho solar system, ^t'lio strength 
of tlitg flow of foi-co is governed, not only hy the diamctei' of 
tlie sphere, hut also by tho proportion which this diameter 
hears to the diameter of t!io orbit. 'J?hat each world may 
have a sudiciciit current of force circulating through its 
several i|)art3 to produce tho necessary alternations, and yet 
these alternations be kept within such bounds, tliat life and 
tho enjoyment of life may bo secure, tho diameters of tho 
planots increase as tlioir orbits enlarge, and by tho addition 
of satellites, and by the increased number of these attendant 
sphci-cs, as \Ycll as by tho wider sweep of their orbits, tho 
extreme points of each local system are more widely sepa- 
rated as their distance from tho centre increases, and an 
equality in the transfers of force is maintained among them 
all. This is tho case with all the planets, except the sys- 
tem of smaller spheres between tho Earth and Jupiter, 'i'ho 
Astoi-oids have a greater eccentricity than the other planets, 
and by tho greater inclination of their orbits revolve in a 
diflcrent plane, which may perhaps stand in the place of tho 
groator diameter. \\'ore Jupiter placed next tho Sun, tho 
wido distance between its oxtromo parts ivonltl hoar too great 
a proportion to its distance from tho centro of its orbit. 
'L'ho different degrees of force needed by tho parts at the 
outer and inucr circnrnfcroneo of tlic orbit, would cause too 
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rapid tmnsfors ; while Saturn, at Iiis distrince, can bear tlio 
onhfgomcrit of diamotor caused by liis rings ; and pcrliajis 
in far-off Uraiiua iho retrograde inovcmcnta of liis satellites 
gives the rcqHivod inequality. Nor can ivo fail to remem- 
bci", that tho outermost planota havo the greatest vobeity of 
I'otation. 

llotiirning to tlio considoratioii of our own planet, wo find 
not only flio trnn^for of force whioli is due to her dinnictcr, 
but also thoso variations of its intensity which proceed fi'Oin 
cecentrieity of orbit, and from tho action of lior satellite. 
The motion of the earth in her orbit is not of uniform velo- 
city, nor doos lior distance from the sun alwftys remain the 
gau\o. Ileneo tho Jncvcaso and diminution of the transfer 
of force is dependent on tho season of tho year ; licneo has 
the needle its two annual inaximit and minima j honco the 
yoavly bavomctrical chanj^ea, and the diftcront degrees of 
the tension of vapor. '.L'ho ms'^ima and minima of tho yoav 
correspond to summer and winter, spring and autumn, as 
thoso of tho day to noon nnd midnight, and morning and 
evening. I'hus ** all tilings are double one against another, 
and lie hath mado nothing imperfect. One thing cstftb- 
lislieth the good of another." 

'fhero can ho no independent change of nsotion m any 
mass or any sphere. 'I'lic force which one receives nnotlicr 
surrenders. All things therefore move sympathetically, — 
there is no isolation in any part of the universe, 'fho 
spheres movo in unison, as if coimceted, (as the idea liiis 
boon expressed by another,) ])y elastic material ties. Dis- 
believing altogether in tho attractive and repulsive power of 
matter, wo regard the universe as one groat ivliolc, its 
separation into parts in man's mind being only because he 
must divide in order (hat he may comprehciu). 
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If the iiciivonly botlics generally move thws in sj'iiipatl\y, 
if fclic vibration of the more distant slirg tlio forco tliat gives 
tho complcmonfary oscillation to the otliors, — how niuoh 
greater tlic mutual iiiihicnco between planets and their 
satellites, whose relations seem designed to increase and to 
vary the strength of tho life-giving flow of forco ! 

'I'ho rciation of tho inoon to the earth 13 not thus intimate 
because of hov nearness of position only. ^Yo regard tho 
moon as a part of, as pertaining to, this globe ; we consider 
them as together constituting one member of the solar sys- 
tem, revolving togoHier ai-onnd their common centre. 'I'hc 
moon is not an indopondenb mass wrapped up in herself by 
an indi\'idual rotation, as if a separate value were included 
within licr oivn diameter. Her secondary movement is 
round the earth as her centi'c. It is true, as astronomy 
asserts, that, in passing round the earth, sho turns in relation 
to a point in space. So does every mountain on tho face of 
the earth. Mont Blanc turns in relation to spaco once for 
every diurnal revolution of tho earth, otherwise its base would 
not rest on the earth, and its summit point contimialiy from 
it. So the moon, because sho turns in rciation to space, 
keeps,-— her lihration cxcoptod, -— the samo hemisphere 
always dircetcd towards this globe. AVe repeat tho idea ; 
she does net by an indopcndent rotation wrap up an indc- 
pondent value in her diameter. 

licsidcs, in the associated motion of the earth and moon 
around their connnon centre, there is botivcen them a point 
of etjuilibrium which describes the true ellipse of their com- 
mon orbit. 'L'bis point of space, which ivoiitd bo tho true 
position were tlie masses united, is near the actual lino of 
tho motioi\ of both at tho moon's (jiiadraturcs ; at the new 
and AiH moon they arc both at the greatest distance from 
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tlio moan ovbit. Hcnco come tlio montlily pcriotlieal 
changes of the earth's motion, and willi fJicsc changes tho 
poriodicnl incvonse and diminution of tlic flow of forco, — the 
jucroascd or diminished spare force of vevolution, which 
records itself in tlio grcator or less lioiv of tho tides, and In 
the host of connected phenomena. 

'I'ho maxima and minima of the fides lake place after the 
now and full moon, and after the (luadraturos. If tJic cause 
of the increase and diminution of tho current of force is tho 
oscillatory motion of the earth in hor orhit, the onward move- 
ment of tlio vibration would continuo after the cause had 
passed its maximum ; the motion of tho earth would go on, and 
its greatest ahorration would bo some two or three days after 
the culminatin" point of tlio satollito which determined the 
range of the perturbation, Tho extreme pointof all connected 
phenomena thus advances beyond the excilinj^ cause, la 
the extreme of the oscillation of the surface of tho eavtb, its 
opposite expansions and contractions stretch beyond the 
normal horn'. In the triple manifestation of the (low of force 
by the barometer, needle, and tension of vapor, tho highest 
and the lowest range ai-e not at noon and midtiight, morning 
and evening, but at later lioui^. 'I'hero can be in the econ- 
omy of nature no sudden suspension of the motion of largo 
masses, 'I'ho transfer of force which aecclevatos or retards 
is a gradual pi-ocess. No sphere could withstand a sudden 
change in the forco which moves it ; and we love to bring 
to mind tho oaso and elasticity of tho motion of worlds, free 
to swerve in tlieir own diametoitt and to bend in tlicir orbits, 
yet every change having the safeguard of limit, the compen- 
sation of mutual adjustments. Wo sec in tho very ellipti- 
cal form of tho orbits of tho planets tho means of insuring 
this ease and freedom of motion. 'L'hcy are not bonnd in 
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ngid circles, in which, by the fiuctuationa and transfers of 
force, the time of rotation and revolution irovild he increased 
or diminished, and the harmony of their movements be 
broken up. The application or withdrawal of force would, 
as it were, breali a circle, and the planet would suddenly 
fall to or from the centre ; while the ellipse is like an elastic 
spring. The elliptical orbit can approach nearer te or recede 
farther from the circle, and without a change of the major 
axis the motion can he quickened or retarded in different 
parts of the orbit, yet the period of the circuit be forever 
the same. 

But to return : that there are two tidal elevations and 
two tidal depressions of the ocean waters, is known from the 
diurnal ebb and flow on the coast. How are these waves 
lifted up ? In what manner are these alternate elevations 
and depressions of the great deep produced ? 

We will suppose that there is not an alternate rise and 
fall, but that the elevation is permanent, and is propagated 
round the world. This hypothesis is inadmissible ; for the 
uplifted waters would rush along mth a speed equal to the 
diurnal motion of the earth, and would overwhelm the land. 
We will suppose that the elevation is not permanent, but 
caused by a horizontal flow of water, — by currents heaping 
up the tidal wave. This \s liable to the same objection, and 
such currents could not be formed without exhibiting tlieir 
interne power. Only one other supposition can be made, — 
tho water is lifted vertically, gradually raising itself up from 
its bed and then again subsiding to rest. This also is inad- 
missible ; for, were the waters thus raised without horizoiitai 
currents, there must needs be a vacuum between the waters 
and the bottom of the sea. We cannot believe that to fonn 
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the tidnl wave tlic waters (low horizontally roiiml the earth, 
or that tlicy rise vertically froin their resting jplacc. 

'L'hat which elevates tlio watcra also elevates the earth on 
which thoy rest. Ifc is tlie enlargement of the glohe at equi- 
distant points, and its contraction at tlio Intormediato points, 
which rounds npivaitl and curves downward the surface of 
llic ocean. This is the reason why no elevation is noticed in 
inland seas and lakes, and why tlio tidal wave never mani- 
fest.? itself on the sea-coast, the perceived plicnoinona being 
simply tlie consequent chh and flow of the surface water ; 
for, as sea and land rise together, tlicre is no gauge to mark 
the expansion and contraction of the globe. Nor does the 
curved surface of tlic ocean away from the land give the 
surface How. Iiikc minor waves rising by the jiosscssion of 
the due degree of force for tho level to winch thoy ascend, 
the water.^ arc at the true level corresponding to their 
present force, 'i'lie comparatively non-conducting land docs 
not give out the required force, and near tlic land tlic \\\\- 
supported waters establish tho surface flow, and the more 
land-locked the waters of the ocean, as in hays and chan- 
nels, ttio greater is this flow. In tho IJay of Fundy tho rise 
of the isolated waters is more than sixty foot, ^¥hile tho tide is 
hardly poreoptiblo on tho shores of tho hroad Pacific. Tho 
condition of oscillation is that the fall shall famish the force 
for the rise. In the great vibration of tho watoi-s, tho fall- 
ing must transfer to tho rising water its needed supjiort ; if, 
therefore, tho connection be in part cut off, — if there inter- 
vene a barrier, — the force for support at tho higher level 
may not ho furnished. I'rom this may perhaps come the 
jiorinontal flow- We present tho idea for consideration, as 
one that jnay account for tho known facts. 
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'I'iio tidal wave must rise at every lialf rotation of tlio 
oartb, and Hio tidal depression m\ist take plaeo at tUc intov- 
mediate cqui-distant Iiour. 'J'lio time cannot change ; this 
oscillation, being determinotl by tho rotation of tlic globe, 
must coincide ^vith the iimo of rotation. Jint the tidal flow, 
though caused by this alternation, is an independent oscilla- 
tion. It is caused by it ; but its movement is in diftcront 
time and of a dilYorent natui-o. One is a hovi>!ontal Slow of 
water for many miles, — the other, a vertical rise measured 
by feet. 'L'he one lags behind the otlicr. They may bo 
compared to two unccpial pondidums, the longer impelled 
into vibration by the motion of the Rhorter, and their lengths 
bearing such a proportion that after a fixed nnmber of beats, 
the motion becomes at regularly I'Ctnrning periods coinci- 
dent in time. 

To present a theory of tlie tides witli minute exactness of 
detail, ivould rcqnire tlie labor of years exclusively devoted 
to tlie subject. Wo give tlie thoughts tiiat have presented 
themselves to our mind, without an elaborate analysis of 
all the connected parts. Wo feel convinced that wo liavc 
pointed in the direction of their canso, and that tlio con- 
nection of a«ch a vast array of phenomena with the transfci'S 
of force, caused by tlic uncfpiat orbits of tho rotation and 
revolufion of tlie several parts of the earth, proves that there 
is the spare force of rotation and revolution in constant diftu- 
sion, and that the earth, noitbor within bcr eirctnuferencc 
nor in her orbit, is held in tho rigid bonds of gravitation, 
but that an incessant and periodical oscillation is tho life of 
tho nnivorse. 

licfoFO we loavo this chapter, which wo have devoted to 
tho subject of the fides, wo would once again recur to tho 
opinion we expressed, that there arc in all oscillatory movc- 
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moiita two conditions of tho HiKluktioii,~oiio, the impulse 
or cause ; the oilier, the cquipoiso or Ijalanco, to receive 
tlio impHlae. Tims, in tho oscillations of tho groat tidal 
lyavcs, i!'o have for the imp«lso the transferable forco of the 
earth's revolution in hov orhit, passing ffom point to point 
in self-adjusting distribution, aeeovding as successively one 
hemisphere may require more, and tlio other Itomisphcro 
loss, while the act of oscillation is (he reception and transfer 
by the crest and valley of the wave of the rotary forco of 
tho world ; tho one receiving tho more as it rises, tho other 
impitrtiiig the more as it falls. Hero, then, is a meeting 
point of Ihoso two forces of rotation and rovolvition ; here 
they join in one movemci\t ; here is tho place of inter- 
mingling, of intercommunication, so that tho excess of the 
one can supply the lack of tho other, aiid a perfect equi- 
poise bo established for the preservation of the harmony of 
these groat movcincnts. 

'.I'hus is presented to tho mind, instead of two isolated in- 
dependent forces, tho one for revolution, the other for rota- 
tion, one majestic power, now divided according to the need 
of motion, now commingling in some common movement, 
'I'hus harmonious is nature, thiia perfect in action is tho 
creating thought of God, — a complete whole, in which even 
excess and defect, if they can occur, most perfectly balance 
each other. 

Wo have no sympathy with theories by which tho world 
is whirled about " with tho dust of its own grinding," 
or its energy is impaired by the friction of its own 
action. Wo i-oad such pssages as tho one wo now quote 
with foclinga of revulsion, thougli it is not unusual language : 
" 'I'hough wo cannot by any stretch of tlio imagination em- 
brace !ho period of tho duration of the system, the conclu- 
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sioii still forces itself on tlio iiiiml that at last it imisl^ end, 
tliat one by one the planets," by tlio action of gravitation, 
" in\isfc be lost in the sun, tlic sun itself i)ei'lia|>3 bo merged 
in other suns, to contribute by tiic immensity of its attrac- 
tion to the destruction of otlier systems ; Unt sui/h will bo 
the inevitable effects is admitted; but no mhalntint Mill 
witness tho catastrophe, for long before tliat c( cnt oui laco 
will have been destroyed by the heat consequent oi\ tho 
reduction of the oi'bit of tho earth." 

^Distrust all theories wliich involve the gradual constrHC- 
tion, or tho gradual weaving out of tho universe. It came 
when God willed, pevfoct at the very first ; it will continuo 
without sign of weakness or mark of decay so long as lie 
may determine, vmworn and unimpaired, until He decrees 
ts end, when it shall have fulfilled liis august design. 
Change, apparent to us, is the Hfc-giving stamp of per- 
petuity. 



" Tlio world's Hiiviitliercd 
Is biiglit ns nt cvonlion's Hay" 

(I'hcro is a wide-spread belief Biat one of the planets of 
tho solar system has boon broken, — that the Asteroids are 
the fragments of that shattoi-ed globe. Il'his idea meets us 
everywhere. It is oxpresscd in standard booVs on astrono- 
my, and in (ho rudimcntal treatises designed for distriet 
schools. What are the facts ? How did this idea originate ? 
Long since, in tho days of Kepler, it was observed that the 
S])aco botween Mars and Jupiter was too extensive to be 
untenanted. 'L'hcre was a break in tho series of planets, — 
tho proportional distance was not maintained. One planet 
was wanted to give uniformity to the system, — to perfect 
the theory of relative distances. 
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On tlie cliscovcvy of the first Aatcroitla, the facta couitl Ijo 
acoommoilittcd to the asgcrted law of ditstancos, by the sup- 
position that these siiiail pianots woi'c pavts of the oi\c planet 
ii'hich slmdd lia\'c ocouijiod the space between Jfai'S and 
Jupiter,' — that l)y somo internal convitlsion Uiis planet was 
rent asunder, or broken into pieces by a blow fi'oin somo 
cvvatic comet. This idea of a God-dgsevted world left to 
the conflict of its own uni'ostmiiied forces, or wtongly placed 
so as to be in the way of somo other sphere, was entertained 
for no other reason than that the supposition conformed the 
system to JJode's law of planetary distances. 

Wo would not venture to assert that worlds may not, by 
omnipotent power, be recreated from the fragments of other 
worlds, — that tlie component parts of one sphere nsay not 
bo remodelled into other spliercs. ]Jut wo cannot, niereiy 
to make good a mathomatioal calculation, entertain tho idea 
of a broken planet with the angular fragments of its crust 
ronnded into spheres by thoir own motion, revolving with 
orbits arranged and places assigned by the action of their 
centripetal and centrifugal forces. 'W'o need higher evi- 
dence than ]!odo's law. We regard the astcroidal system, 
tho twelve or sixteen worlds rcvolvhig in their eccentric and 
beautifully interlaced orbits, as another sfrikinj^ and won- 
derful exhibition of tlie power and wisdom of Ilim who 
formed tliem, — this variety in unity, as another evidence of 
design, — this part of the licavens, as declaring afresh the 
glory of God, and showing forth His handiwork, 
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Till'; trade-winds,- --wliich arc supposed by some to bo ai\ 
aci'ial lido, caused hy tho atti'aclion of tlio s\m and moon,— 
oceanic cm'i'onta, iintl aomo coiincetcd plicnotncun, now 
claim our attention. 

In a formov chapter ivc expressed tlio belief tliat tlicrc is 
a genera! law which governs the sceondaiy movement of 
the planets as »vcll as their primary moTOincnfc ; that is, 
that there is a normal intons'ity of rotary motion, as ivcU 
as of the motion of revolution, belonging to every sphoro, 
and that the ono is in a fixed ratio to the oilier. ilSut as, 
from its form, the intensity of rotation doercases from the 
surface of a ^lobo to its axis of motion, the law whicJi 
governs this moveniont must bo related to the mean velo- 
city, and not to the velocity of cither extreme, — to tlio 
average speed, not to the motions of cither the equatorial 
or polar regions. 

l'"rom this consideration, it is evident that while, in tho 
cavth, for instance, ihcro exists the due amount of rotary 
force, this foreo is uTieqnally distribntcd through its mass. 
'I'hcvc arc therefore portions which have a groator, and those 
which have a less degree of force, than the mean force belong- 
ing to the sphere, l>'rom the tendency of force to diffuse 
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itself equally tlivough every mass of nmttcr, and from the 
law tiiat foroo is transferred from matter not su3ec()tiblo of 
motion by it to matter free to move, it follows, as force is 
ilisti'ibiitcd tlirougli the earth accordiiig to the capacity fov 
motion, that air and water, to tho extent in which they are 
free to move indepemtcntly of the move solid parts of the 
earth, will have at the poles a motion greater tlian that of 
the earth, and that these elements at the equator will have 
less motion than the earth. 

'I'o illustrato these ideas : Were the earth a perfect 
Bphorc, the mean surface velocity of rotation would be 
found at the parallels of 4G° north and south latitude, and, 
as the earth is shaped, this determination is anflicicntly 
accurate for the purposo of general illustration. From this 
lino of mean velocity of surface rotation, towards the poles 
as well as towards the equator, tho rotary force exists in 
varying dcgi'ccs, according to the capacity for motion of the 
diftcront parta rotating as a \mitod sphere. But tho force 
will not bo thus distributed to that matter, which at the 
equatorial or polar regions is not necessarily a rigorously 
eoimcctcd part of tho earth, and which may have some ca- 
pacity for n^otion independent of tho motion of tho sphcro. 
'J'o tho degree, therefore, in which air and water have tho 
iwwor of independent motion, this motion will bo found to 
bo related in its action to the mean surface velocity. 

^I'hc atmosphere has this freedom of independent motion- 
In ita movement, therefore, it will he found that tho mean 
velocity of rotation,' — that with which tho surface of the earth 
moves at iffi latitude, — will be the governing principle of ita 
independent motion. It will limit its eccentricity. 'I'ho 
^vind^, of course modified by other laws, will, as a general 
priiiciple, be related to this mean of rotation, and a referonco 
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to this fact Mill lie found to diasipato somo of the mysterJcg 
of tlio movomonts of this frco clement. Tlic atmospltcro afc 
tlic Jioi'th polar regions and the adjoining pnrta of tlio tcm- 
porato zone may have a Fm-co of motion niovo iiitonso tlian the 
the rolaiy force of those poi'tions of the earth. It will tlierc- 
foro move southivavd to incrcasie tlio orbit of rotalion, and 
onstward Ijocause it moves faster than tiio earth. Hohco tho 
provnlcnco of northwest winds in those regions. As wo pro- 
ceed southward through the mean of rotation, there is found 
a great bolt of ^'ariablo winds. " "Wliat," says Mr. Guyot, 
in reference to these rcj^ions, " is more Acklo and capricious 
than the winds ? 'I'hoy are symbols of changoahlonoss itself." 
At tlie equatorial regions, tho atmosphoro has leas force of 
rotation than the Kurface of tlio earth on which it rests ; of 
course it iias an apparent motion M-cstward, from moving 
more slowly ttian tho earth. '.I'his wind also blows fmm tho 
centre nortlnvavd and sonthward, thereby narrowing its 
orbit of rotation, — the converse of tho action of the winds 
from the poles, which move sontlmard and northward to 
widen the orbit of rotation. 'J'lic easterly trade winds, by 
the clouds and vapor which thoy transport, may present tlio 
aspect of two Konos, which soon from tho moon might R])poav 
like the bolls of Jupiter, which planet, i\'om its innncnso 
diameter, and tlic conBCtpicntly great velocity of surface 
rotation, wonkl most distinctly present t!io koucb of retarded 
and accelerated atmospheric motion. 

Wo Jiotieo in tho Annual of Science tliat Mr. ]Jabinot 
rofors to retarded and aeoolorated rotation as the oauso of 
oceanic currents, believing " that tho waters which liow 
from tho equator have an inetination to advance before tho 
motion of tlic earth, whilst those winch come from tho poles 
have a tendency to remain Ijclund the motion." I'mt wo 
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apprciiond that tho reverse h tlio case. Tho watcra follow 
the laMs of the atmosphero, and in theii- respective motions 
there is that reseinblanco wliioli indicates the same general 
law. There is tho great westerly current of tlio eqHatorial 
TOgtons corresiioiidiTig to the trade ivinds. 'i'his extensive 
cuvTOiit ia deflected northward or southward, when it 
strikes tho eastern shores of the contincnta, and thus its 
waters narrow their orhit of rotation by advancing towards 
tho polos. !riiO currents flowing froin tho polar legions 
widen their orbit l>y their advance towards the equator. 
At tho point of equilibrium of rotary forco, about the 
parallels of '15° north and south, alt the occanie currents 
me tmncl to the east\snid ihus, mthis ^cnoi d eastmid 
mo\emcnt is tiund the conipcnsition lot tho j^icit wot-taly 
euiicnt of the fiopics, ind the equiUbimm of the witen I5 
piesoived 

(t has been supposed thit tho Gulf Sticim, which is a 
bnncli of (ho j,>cit wosteily cuucnt iiic&ted by Imd and 
tunitd neitlnmd Mong the eoist of the United States is 
deflected to the i-astwiid ni latitude C'^ by the JJ-nika, -which 
extends across the Atlantic Ocean in about tins paraHol. 
We arc inclined to the opinion that the same cause which 
turns tho current also forms the Jianks.* '.I'his deflection is 
not local and aeeidentai. 'riie current flowing by tho east- 
ern shores of Asia bonds to the eastward at the same par- 

* It is sniil lliat soundings oxtonil from the Jfowfounillniid Itniilis across 
tho Atlniilic Occnn. Wo are also inforincrt by nn DxpcricnciKl iinvlgnlor, 
(hut in the emiiinor sonsoii (Ito Gulf Slrcnm flows fnrllicr norili bofovo ils 
l>ea<l lo Hid flsslwnrd Ihnn U (Iocs in tho winter, thus following llio sun as 
ilo tho irade-wiufls,— tliosopliciioinona iioing related in their dinngcs lo 
tho eliftuging aiigla of rolalion and revohilioii, tho oxlreinc iioiiKa of tho 
OHtih in ihcic rovolulion following tho rtlrcclion of the sun as the eeniro of 
woltilion. 
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allcl , 111 the simo do icc of south latitude, t polm cmieiifc 
iloAMii„ uoitliwaul ieiuh to the fist\\(ii<\ tl> tho ( ipo of 
Good Ifopo, iWulc iinlioio elo-Ji, to tho C\pc, thcio is 
"v \^c'-toily (,uuont, Oicso opjo^ito cuuciit? uiiinny suk 
hy pidc 'Iho pni illok oi \j^ aio tin, (U\idin^ hues , cm 
icnts 111 lo\\oi iatitiulc How -Mcsteilj, m hijioi htitiicEt-s 
llownoith ami sottth-i\ith m c i&tcily tcndcncj , until they 
loich this point when tho\ iio turned cistwaid, tho witoii 
on Olio sido of llio cquihlniiiiii of foico ham ^ t j^icitci, 
and on tho otiior side a less hitonsoness of velocity, than tho 
solid earth. 'I'Jic deviations fi'oni this j-;cncval law arc 
caused by tho position of tho coasts ajjaiiist wliieli the ivatovs 
impinge. In tho luap of cun-cnta proscutod in Guyot's 
">;artli and Man," every arrow showing their direction 
conforms to tliis statement, 'i'lio moving elements, air and 
water, in the polar regions move ivith greater, in tho equa- 
torial regions with less, than tho mean force of the rotation 
of tho earth. Wiiy, then, trace tho cause of tho trade 
winds to tho rarefaction of the atmosphere, caused by the 
more intense action of the sun's rays within tho tropica ? 
Why speak of the attraction of tlic sun and moon as caua- 
ing aerial tides, or ocoanio currents, or tidal waves ? Tlie 
eaiiso of thoso phenomena will ho found on tlic earth, not in 
tlio sl<ios, — in the changing force of the motion of our own 
planet, not in tho attractive power of other sphcros. 

Geology may find, in a reference to the parallels of mean 
rotary velocity, some help iu tho investigation of the struc- 
tural changes of thcoarth. Tho eiTaliodriJl of boulders and 
diluvium ia spread over tho frigid zone and over tho north- 
erly parts of the tcnipcrafo koho of the northern hemisphere. 
This disperaion of drift, wo heiicvc, was siumllancous. a'hc 
22* 
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torrent vuslicd from tlio polar' rogioii soutlnvai'd, with an 
ineliimtion eastward. Its Bouthcrly bouiuls arc alioiit tUc 
parallel of 45'^. Again ; tlic range of the drift of icoljergs 
seems to bo detcvniined by their equilibrium parallels, '.t'hc 
moan tcmpcratHro of the earth at tho poles ia said to be 
about 10° of ].i'alironlicit, and about two or three dcgi-ecs 
below Koro at tho two polos of in,ixinuun cold, twelve degrees 
distant from the poles of the earth's axis. !l'lio Arctic and 
Antarctic Oceans are fit«on to a very great depth, and 
" during eight months of tho year a continuous body of ice 
extends round tho poles of maximum cold, oocui)ylng a sort 
of elliptical area of above four thousand miles of diameter." 
Iceberf^ aro detached from the margin of tliis frozen none 
at certain seasons. By a beautiful provision of nature, iec 
cooled to a certain degree changes its cliaractcr, and from 
being a non-conductor becomes a conductor of force ; at 
one time, as if it wero a mantle spread over the earth and 
sea, it confines tho heat until tho extreme is beyond tho 
limit which nature has assigned ; it then is no longer a bai"- 
rier to the required adjustment, — and perliaps by this ^'ory 
moans, soine transfer of force rends the masses of icebergs 
ivom tho parent bed of ice, and urged by the present force 
they move slowly but strongly towards the south or north, 
undisturbed iu their advance by storm or cun'cnt, until by 
tho widened orbit of rotation tho force whtcli impelled them 
from the poles is absorbed. Icebergs have been observed 
thirteen miles in length, with perpendicular sides rising at 
least one hundred foot above tho surface of tho sea; but 
they aro found of all sines and shapes drifting from tho 
frozen oceans. This diift of ice is arrested mainly at about 
the parallels of4&°, though solitary masses may occasionally 
stray farther from the poles, 'i'lic icebergs of the nortlicrn 
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Atlantic, it is wcU known, collect at the Nowfonmlljini't 
Jianks as their resting place ; for tliorc the mean of rotatioji 
is obtained. 

Wo notice the same limit to the dvift on (ho land, — to the ■ 
trans|]ortatioii of diluvium and bouklcrs from the north. 
'I'lie course of tins mineral or earthy llow was southeasterly. 
Its path is written down in grooves and striio, or diluvial 
scratches, and by the aniootliinj; of the noiUiciuaidc^of the 
mountains. This current also arretted ils flow when the 
im|iclling foi-CG ivas rcahsorbcd in rotation by the extension 
of its diurnal orbit. But the flow of caith ind stone ins 
not like the slow movements of the iccbeigs , bj a sudden 
, rush, as it wore, fho mountain masses fell from the north. 
The one is from the overy-day action of force, ~ the other 
came from a readjustment of the earth's surface when it took 
the forni which fltied it for the home of man. The limit of 
the drift is, hoiycver, the mean parallel of latitude, • — the 
bonldors and diluvium in Jiorthern I'luropc and northern 
America being confined to the Arctic Kone, and to tho 
northern part of the temperate Kono. There is no easterly 
or westerly drift, and none beyond tho parallels of mean 
latitude, or none of great extent arising from any ividoly 
acting cause. 

'1,'lic diluvial scratclics or striaj marking the track of the 
erratics from tho north, arc straight as a niathematteal lino. 
T'hcy aro found on tlio plains, on tho northerly side, and 
occasionally on the south side of mountains. 'Uy whatever 
force they were nioved, their coui'so was not obstructed by 
the inequalities over which they passed. They flowed on 
as if without weight, ---now lightly, now Jicavily touching 
the surface of tho earth, ascending or descending as more 
or less upbovne by tho im])clling force. 
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Wo beliovo tliat tlicse mmintaiii masses moved ividi in- 
tense velocity, bocatiHC tlio strife wore so cvciiSy giooved. No 
current of ivator, noi" icoi>erg lloating in the current, nov 
slide or glacier, could, fram knosvii causes mo('0 with anfiiciciit 
velocity to form tlieso grooves. 'I'liero would bo irrcgulavi- 
iics of motion, depressions, gyrations. 'L'licro is anoUier pfoof 
of the intense velocity of the motion of this flood of rocks. 
'i'lie edges of the engraving voek, tho angulav points which 
made tlic record, did not wear down or become blunted. 
'I.'hc only wear was on tho tablet w-hich received tho im- 
pression. !l.'l]c cllcet of great velocity is to preserve tho 
cohesion of tho moving body or instrument. A fallow 
candle, soft as it is, when discharged from a gan will pierce 
through a pine board. 'I'luis, by intense velocity alone could 
tho sharp angle of the rocit malting the impression bo pre- 
served, A slow motion of the mass w-ould have worn tho 
engr.iving, as ivcH as worn into the engraved rock, and 
there could not have been an equal and even groove made 
for any considerable distance. i:t has been remarked, that 
the strije might have been caused by small stones, pebbles, 
Or sand, between the drifting bouldcvs and the rocks over 
which tUcy moved. But such intervening substances would 
have been crnsJicd by tlio weight and friction. Smoothing 
or polishing to some extent might liavo been produced by 
this means, but not the straight furrow. 

'flic voi-tex )iiO!(?rfs (pot holes) to which wc have before 
referred, are ciroular cavities formed in the solid rock. 
These generally eonlain a rounded stone or stones. On tlic 
shores of Lake Superior are many of tlicsc cavities, and wc 
are told that " a stone in one of these might have weighed 
fifty pounds. Some of the holes were three or four feet 
deep, and as many in diameter ; some of them formed 
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steps, the stone Jiaving worn (town at one sitlo of tlio hole, 
and worked on lioi-inontftUy awhilo, and then downwards 
again." 

It lias been surmised that tlieso holes were worn into the 
rock by tlic action of water on stones lodged in its crevices. 
How conld waves or running water make stationary whirl- 
pools suOleicnt to whirl stones weighing fifty ponnds penned 
up in a narrow ercviec ? Yet only a swift rotary motion 
of the encaged stones could liavo worn those circular holes. 

The motion required to produce these smoothly rounded 
excavations could hanUy ho ind\iccd by the action of wafer. 
'J'he stones which formed them ivcro probably arrested frag- 
ments of the rushing Hood of rocks. Their onward motion 
being Buspcndcd, they would rovolvo with the same force 
whicJi before impelled them in a right lino. 'Ilioy would 
act as the arrested water of a current which exhausts its 
force iu tlio wliirlpool ; and tiic oxlstenco of sucli excava- 
tions scorns to prove the intense velocity of the erratic drift. 

We refer the period of the diift to the time of the great 
change in'tho earth, which under tho Providence of God 
gave to it its present form, '.riic moving mountains acted 
upon by a foi-ee more tlian sullicient for rotation at their 
position rushed southward, with an easterly inclination 
widening their orbit, and moving with great velocity until 
thoy arrived at the place of rest. 

If this iiypotbcsis bo unsound, wo beJieyo that no theory, 
which does not refer the rush to a current of the most intense 
velocity, can explain tho erratic drift. '.I'he respect wo en- 
tertain for those wlio seek to account for the facts of the 
case from natural cvery-day causes, leads to hesitation, and 
an aiKilogous action on a smaller scale would confirm tho 
doubt ; hut tlio record on the mountain-sides, the characters 
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luioiliicctl I)y t c I I Oil tho gmiiito tablet, fell us of 
a power no lo c ojc alion, the action of which wns 
never obsor ell;) i 

Meteorology, if it inay be allowed tho name of science, 
is a science of facts only. 'I'hc meteorologist neither fore- 
tells tho weather, nor explains ii-j phenomena. Ho sits, 
patiently musing over storm and calm, tornado and nophyr, 
fog and sxmsliino, the arctic cold and tlio torrid heat, look- 
ing anon at tho woftthercock and tlio barometer, diligent in 
recording variations, in a note-book tilroady fidl of facts, 
witliout a principle for their arrangement or explanation, — 
waiting for light to shine forth fi'om Ins recorded observa- 
tions upon tho vicissitudes of flic woatlicr. 

Yet tlioro is nothing out of rtilc, beyond law, in tlicso 
apparently capricious changes. 'J'horc is nothing in this 
ivorld of oiu-3 without a cause, '.l"l\e vnue never turns but 
by the operation of law altering the direction of tho wind ; 
nor are the laws which govern tho gale and flio storm so 
complicated and mysterious that there Is no hopo that tlie 
mind may comprehend them. In olden times the heavenly 
bodies presented to the observer nothing hut involved, con- 
fused, entangled movements ; yet the harmonious motion of ' 
the spheres now ascertained gives to tho astronomor his 
deepest impression of the simple majesty of naluvo. If, a cen- 
tury ago, it had been asserted that the time would come 
M'hcn an almost instantaneous connnunication of thought 
could be made to a ft-iend a thousand miles oft', and that 
ideas woxM rush across continents with the speed of light- 
ning, the expression of this now established fact would have 
been doomed as wild and chimerical as it tnay seem at present 
to say that futiifc agos will so eomprchond the laws of the 
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clemcufs, fliat to a V017 great and practically impoi'lant 
extent, tlio eoininoii wcatlicr ivill bo prottictod. Compare 
any one science as it now is -ffitli its condition centuriea 
ago, and \vc liavdly davc to limit its possible advance ; 
for its progress is with acciimiilativo velocity; discovery 
docs not exiiaiist the field ; every instance of successful 
inquiry gives a vantage ground for greater rosulta. Why 
should wo doulit? "ISvcn il'^olus reigns by law," and 
there is a control over tlie wildest elements. 'Ji'he law which 
clirceta and restrains has iiot been j)romHlgatod, yet we wit- 
ness the exercise of this control. In every truce which 
terminates tlio struggle of the elements wo recognise, 
thougli wo may not understand, the agency wliiqh cfi'ccfs it. 
Wo quote the following from an article in the North 
!l!ritish ISeview : " l''ov weeks and months the honrly varia- 
tions [of heat] are of the most capricious and irregular 
character ; tho thermometer Ijeing sometimes stationary 
for a day ; sometimes highest at midnight, and lowest at 
noon, AVIicu wc combine however the throe hmidred and 
sixty-five observations at each hour, wc find these hourly 
moans arc the ordiiiafes of a curve of beautiful regularity, 
each of the four branches of wliich do not diftcr more than 
a quarter of a degree of Fahrenheit from parabolas. The 
varying tenipcrature of a day, therefore, with alt its 
starts and irregularities, is controlled by a law as preeist; 
and unorrmg as that wliicli regulates tho planetary motions. 
But tho other agencies of tho atmosphei-o liavo not been 
subjected to law. Tho wind and tho rain, tho hail and the 
snow, iJio storm and tho tempest, seem to have a will of 
their own, and to triumph in moclcery over tho person and 
property of man ; yet lawless as they appear, wc shall some 
time or other discover their haiuifs and diseloso tlioir 
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scorcfs, oven thoxigli ivo may never succeed in disarming 
their invy and reducing tlicir power. I'lvcn the luirricanc 
and tornado must yet sul)inifc to intellectual control, nor 
shall the lightnings of heaven escape tlic analysis of genius, 
. . . 'I'ho time will como when tho electric (lasli lyill bo prc- 
dicfod with as much corlalnty as tho oecultation of a star, 
or the omevsion of a satellite from tho shadow of its jilanct." 

If ill any department of iiiqwiry there ho not an even ad- 
vance, if any scionoc lags hchind the others, there is great 
reaKon to suspect that there is somo radical defect in tho 
foundation-tlieories on -ivhich that science is based ; its culti- 
vatora sliould therefore go back and reexamine the first 
principles on which it rests ; these readjusted witli accu- 
racy, they may be able to hold oven way with their associ- 
ated laborers in tho much divided field of inquiry. 

Upon a rccxaminalion of first principles, it may Tic found 
that tho defect to bo romcdiod in the department of mete- 
orology' is a mistaken idea of tho extent of the inliuence of 
tho sun, both in relation to )iis attraction and to the heat 
which emanates from him. It may be that the meteorolo- 
gist goes too far from the field of action, for tho cause of 
action, — that ho traces too nmch to foreign inftuenco, loo 
little to domestic changes, 

Wo quote from Sir John nersohell a dosoription of the 
supposed immense rango of tho sun's influcneo. " 'L'ho 
sun's rays avo the ultimate sourco of almost every motion 
which takes place on tho surface of tho globe. \iy its heat 
aio pioduccd all wiiid.f, and the disturbances -iihich restdt 
in tho changes of the electric condition of tho atmosphere. 
Hy thcso rays tho -t^ators of tho soa arc made to cireidato 
in vapor, lly them arc produced all tho disturbances of 
the chemical ec^uihbrium," And the patagrajih conchidc-) 
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by assi);;iiiii« the plionomcna of volciiiiic action, iiulivcctly, 
to tho rays of tlio sun. I'Jvcn moi'o swcciJiiigly arc all 
tlic cliaiigca of wcatlicr inndo (Icpoiulciit on solar iHlliioiicc. 
"Wo can li«v<lty call to mind a single fact in this (lepartniciit 
that is not explained by tlio vacua of tho atmoapherc, ■-- by 
tlio micqua! rarefaction of the air, produced by varyiiig 
teniperatuvcs, 

'I'lie winds have but this one f^enoval cause assigned to 
them ; and yet, if there arc as grout inetiualitics of density 
in the atmosplioro as aro supposed to exist, it docs not 
eloariy appear how these could create the winds, with their 
intensity of force, lonj» duration, and extensive range of 
jnofion. An cOiict must be, in some degree at least, eom- 
mensurate with its cause. Motion cannot produce or pro- 
long itself without cause. 'J'o fill vacua, — to supply addi- 
tional air for the restoration of cquiiibrium to the rarefied 
parts of tho atmosphere, would not requiro the rush of tho 
colder air for months, for wccl;s, for days, or even foi' hours. 
'Iho repairing and etpiaViMliig process, as tho winds now blow, 
would cause wider breaches of continuity than arc repaii'cd, 
— would create nwre void places tlian are fdled. Thia 
would Hudoubtcdly l)c t!io case when tho liorlKontal oiirrcnls 
of wind are {jrcater ihnn the npward-ilowing current of 
heated air, which is supposed to cause tho wind. A'^acua 
are filled, and the ccpiilibrium of the density of the atmo- 
sphere is preserved, by the elasticity of the air. !l'his acts, 
as it were at once, ahnost instantaneously ; for the action 
of elasticity is as rapid as tho propagation of sound, while 
gradnally heated air ascends sloivly, it-s place being sup- 
plied as slowly. Xt can never create fho intense motion of 
a wind. 

'.riic colder air docs not rush toward tho heated aii>. 
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(Jit 1 ti 11! tiiblishcd a violent wind, 

] \ t tt ^ f ti c polca to the equator ; 

t) in 1 tl r on 13, s|)eeflino from the 

) } ] ft! ll -clad monntaiiia, toward 

tl f 1 1 t 1 t! tvadc winds would not 

i\y 11 I 1 tl I towavd tlio colder noi-tli 

1 1 U ll 1 f the frigid Z0HC3 inolino 

t II t 1 If t tt t tlicrc is a draft of air to 

] J ly I 1 H t 1 ver heated air ascends, 

tl 11 t t ll equilibrium. ^I'lic com- 

\ I 1 t f tl 1 caimot account for tho 

g l' ^ 1 ^ J !■ for local occasional 

tl c direction, intensity, or 

n instance, the circular 

novcnient ho induced by 

1 t t tho c(|uililjri(n.i of the 

t |] 

U 1 f I tl> t taincd hy scientific nicii, 

(1 t tl t 1 1 f olardcd rotation. It is 

I fc tl t tl 1 les them northward or 

southward, as, by thus narrowin<; tho orbit of votation, the 

eqnilibrium of n\otion is restored, since tho degree of present 

force deterniincs tho orbit, '.rinis the winda from tho frigid 

Kones floiv to tho cast, moving with j;reatcr velocity than tho 

earth, and southwardly or northwanlly to widen tho circuit. 

'f bus the degree of force possessed hy air com])arcd with 

tho velocity of rotation of tho part of the cartli over whicli 

it moves, is not tho cause of tho cast and west winds only, 

but it also determines the direction of tho north and south 

AviTids. 'I'hc inequality of force, which tims gives direction 

and intensity to llio permanent geographical winds, can ho 

traced directly to the diUbring degrees of rotary velocity 



I ..Google 



MKCiiANiwr, nrii-OHOPiir. 207 

of cliftcrcnt jiavEs of the globe ; and ivo liopo to be success- 
ful in (racing tlie inequality wliicli gives riso to tlio variabie 
and occasional winds. 

'Xho taml ami sea brccuca alternating ivitli day and night, 
arc fro(],ncntly eitcd as proof that the varying density of tlio 
air, causod hy diflbrenccs of tenipd'aluro, detorininca the 
divcction of tlic wind. "Wo think that thiii alternation h an 
ilUistvation of the views which we pi-csout. 'i\y night; a 
greater force of revolution is rcciuircd, by day a less, as 
the part of tho onrth is turned from or towards tlio contro 
of revolution. Tho regular land and sea brcezca arc moat 
uniform and most active between the tropics, where day and 
night niako the greatest diffcronce in tho orbit of revo- 
lution. ^I'hcsc changes of tho orbit aro accompanied by 
a transfer of force, and, of course, from the different con- 
ducting powers of land and ivatoi- land and sea hreczes 
would ensuo. 

'I'hc monsoons arc periodic winds, which in Homo regions 
blow regularly for a part of tho year from tlio sea land- 
ward, and at tho opposite season blow from the land toward 
the sea. Til tlio regions where they occur, for a part of tho 
year (he meridian sun is vcrtieai over tho land, and for a part 
of the year it is vortical over tho water, 'i'his is the eon- 
dition of those periodical alternations. I'lie changing posi- 
tion of tho snn indicates that the earth's axis of isolation has 
changed its position in relation to tho contro of her orbit. 
Of course the angle which rotation makes ivith rcvohition 
has also ehangod, and, where monsoons occur, the extremes 
of revolution periodically pass from (be ocean to the land, 
and from the land to the ocean. Tiie change of the i)osition 
of the sun, nortJi and south of the eqnator, causes, or 
rather, denotes the ciiangc of tho How of the spare force of 
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revolution wliicli moves ilic elements. '.I'lus dcfcrniiiieB Hio 
monsoons. 'L'ho trade wituJs also, in some dogfce, follow 
tlic coui-sc of (lie sun ; in our latitudes the northwost tvinds 
avo most frequent and violent in the winter. season; the 
Gulf Stream in snmmcr rtins fnrtiici- nortli before it bends 
to the eastward. All the plicnomena thus " following the 
Kun," and supjiosed to result from the influence of his rnya, 
and tlio conaequoufe incfjnalitics of temperHtnre, can thus bo 
traced to the changes of relative motion of dilfcrcnt porUons 
of the globe, which alter tho direelion of tlic ciu'rents of 
force, and conscqiiontly of the movin;; elements, air and 
water. 'I"hc jiosition of tho sun indicates these changes, 
b\it neither his comparative distance, nor the comparativo 
directness or obliquity of liis mys produces them. As tho 
hands of a clock indicate his position, so does his position 
indicate the changes of the motion of the earth, and the 
changing orbits of revolution aiid rotation of the several 
parts of tho globe, l.f'rom these changes, and from the con- 
sequent changes of tho How of force, come the movements 
of the clcTncnts which give ua tho variations of meteoro- 
logieal phenomena. 

\Vc aro fwlly awaro that wo have advanced many princi- 
ples, wliich contradict Ibe opinions of tlioso who have devoted 
themselves to the examination of those subjects. In meteo- 
rological seionec, howovcrj we do not fool that we ai'C in tlic 
opposition. It is confessedly an open field of investigation. 
There is iittic or iiotiihig definitely settled, and, if now 
theories aftbrd any cloiv to explanation, this result may 
strengthen these theories as njjpHcd to sidsjcets, which arc 
gonorally believed to ho well explained by the tbeoi'y of 
wnivci-sal gravitation. 

A question has been recently proposed from a liigh 
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souvco, " Vilicthov tlio gusli of rain mIiIcIi usually follows 
tho "(Ictonittion of a thunder atomn is tl\o cftcet or the ciiwso 
of the ciccti'ic flash." SJiotihl thoro nob be piinoii)les com- 
petent to an8\vci' such huniiiics, or rather principles, eo 
tliorouj^hly settled, so accurately cletovnnnei!, as foi'cvci- to 
prevent sucli (jiicstions ffoin being asked by sciontific men ? 
This is, hoivovor, but ono of the many points on ivhieh no- 
ihinff ig distinctly known. 'What creates tlio pi'ogi-ossivc in- 
crease of heat from tho arctic to tlio torrid nones ? Can the 
comparative obiicjwity of the sun'a rays give a ftdl and satis- 
factory explanation ? Is thci-o not a eonrce of heat in the 
earth, independent of the rays of the sun ? "What is the 
cause of the varying dogrcoa of lunnidity in tho atmo- 
sphere ? "Why docs water change to vapor more rapidly at 
one timo than at another ? AYhy do t!ie vapor wreaths now 
hang over tho surface of tho earth, and now float aloft 
as clouds? AVhcnco the ch'rus, half-iliumlnatcd clouds? 
Vt'hy arc tho magjictic poles tho poles of maximum cold V 
"SYhy do the curves of equal temperatnvo have for tlicir 
poles the poles of revolution ? All those phcnomeiia arc 
surely not caused by tlic ineqiiality of tho sun's rays, their 
varying obliquity, and the consequently irregular density of 
tho atmosphere. 

In tho last chapter wo alluded to tho many provisions, 
creating the transfer of force, from which ])rocecd tho life- 
giving alternations of tho world. One of these provisions 
was tho diamctei" considered in its proportion to the orbit 
of rovolution, and another, the velocity of rotation. In our 
planet, the greatest diameter,- -giving the widest cxtromo of 
tho dilfcnng orbit of I'cvolution of it^ oi)p03ito parts, and 
the most intense rotation, ■— is between the tropics, - - at the 
equator, In that region consequently wiU occur the greatest 
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and most rapid transfers of force. A ccovdingly, ivc find tliis 
indicated, not only by the needle and barometer shewing dvon 
the lioitrly variations of the strength of tl»o How, hut hy the 
greatest and most sudden alternations of all meteorological 
plicnomcna. 'I'lioro arc the most active volcanoes, the most 
fre(j.nont convulsions of the earth and disturbanees of the 
electrical condition of the atmosphere, and the most violent 
hiUTicancH. If'or one inslanec, at certain seasons, in some 
places between tbo tropics, almost every day , some four hours 
after the sun lias attained the meridian, there is a tlmndcr 
storm, while so rare is this occurrence in tbo northern 
regions, that a traveller mentions as a fact worthy of note, 
that in Nova /.embla and SpstKhergcn '-it is sometimes 
hcai'd to thunder." Contrast the general meteorological phe- 
nomena of the polar regions with tliose of the torrid sionc. 
'.I'bey present the extremes of a habitable earth, and those 
extremes, we believe, arc caused by the inequality in tbo 
degree of those transfers of force, which give both the peri- 
odic and the occasional altci'iiations of the elements ; and, in 
tracing out the causes of meteorological phenomena, we arc 
led to look to these transfei's of foi-co. l>'or Instance, if wo 
would kTiow what causes the gush of rain accon^panying tbo 
flasli of ligldning, wo should consider that the cloud is 
formed from water by the reception of force, that by its rapid 
condensation force is given out suddenly in tbo flash of light- 
ning, and that the condensed water falls at one and the same 
time;- -tboy are tlio different phases of the samo act. 

AVc regard tlic barometer, not as indicating the pressure 
of a^cohimn of air over it, bnt as mdicdmg the !e\cl of its 
rotation, and we believe that its oscillations at tbo same ap- 
parent altitude mark the risin^; and fdlm^ suif tto of the 
earth. J!y tliis view wc lia\L m c\]l in dun ft tb connoe- 
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tion of tlio chaiiges of the licigtifc of the incrciii-y with tho 
changes of tho wealhor. 

'i'lio riso and fall of tho niercury (Iciioto tho diDevent 
lovel.t at ivhich cvoi'y pavt of Uic surface of tho earth movos 
ill its diurnal ix>uti(l. My tho I'isc of any jiovtion of tho 
cavlli's cnisfc nioro force for motioii is required, by its 'fall 
less is needed. In tlic one case force is given out or trans- 
ferred from tho cavtli ; in tho other it is ahsorljed. A hij;h 
range of the barometer indicates a low surface and dry 
weather ; a low range shoivs a Iiigh surface and ivet weather. 
A high surface therefore withdraws force from the vapor of 
tho nir, and it condenses ; from the low svivfaco force 
oscajies fi-om ttio water in the form of vapor. To repeat 
tho idea, ft liigh surface of rotation, indicated by the low 
barometer, willidraws tho sustaining force of vapor ; a low 
surface, on tlio other hand, indicated by tlie high barometer, 
supplies tho force which gii'es tension to the vapor. 'I'he 
act of withdrawing force by a riso of Uic earth -would reeon- 
dense vajior; the act of supplying force by a fall of tho 
earth woidd sustain the \'ai)ov iu bigh-floating oloiids. 'A'hns 
is explained tho varying height at which the clouds float, now 
enveloping the surface with fog and mist, and now rising 
miles above us, with sharj) and well defined outlines. 

^\'atcr exists in the atmosphere in two states ; in tlie 
one, at its greatest tension it is tho unobserved humidity of 
the air ; in tho otlier, it is partially condensed in the form 
of mist, or fog, or more jiroperly vapor. '!'ho humidity of 
the air is shown by the condensation that tahcs place in tho 
driest weather, on the outside of a vessel containing water 
80 much cooler than tho atmosphere as to cause this conden- 
sation, '.fho dew-point is that degree of diflcrcnec of 
heat between the atmosphere and the earth, which is sufit- 
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cioiifc to cause tlio condensation of tlic Immulity of Hio mv 
into tlcff. 'J'ho formation of vapor and its vccondcnsatioii 
avo not, however, tlse transfer of sensible Iicat on!y. 'Clicy 
are caused hy tho transfer of tlits licat, of electricity, of 
galvanism, and of the niagiictic Ouid, till of wliicli are but 
phases of Uie dynamic power of tlic \vovld, — branches of 
tiio great current of force by which tho cqnilibvinm of 
motion is iirescrvcd. 'rinis dc\Y is formed by nij^lit on 
those parts of tlie earth ivlnch, being turned away fron\ (!io 
sun, rcfjuirc (lie greater force of revolution on acooiint of 
their enlarged orbit. It is not formed in clondy weather, 
because from local causes, as cviiicod by the very existence 
of tho clouds, the force which would bo j;ivcn out from tho 
formation of tho dcir is iiot required. ICven tho vapor 
which rises from a ivater-falt gives to tiie air of its vicinity 
an electrical state dilfcront from that of the adjacent atmo- 
sphei'c, Tho clcctro)neter proves that the cloetrica! state 
of the air changes witii tho condensation that causes tlio fai! 
of rain. " In fogs, and in the commencement of a fall 
of snow," says HnmbohU, "I liave seen by a, very long 
series of observations, flic previously perjuanent positive 
electricity rapidly pass into tho negative, both at the plains 
of (he colder Kones and at great elevations between the 
tropics." ^\''o know that tlio tension of vajjor has its two 
maxima and miTiima daily, which correspond to the maxima 
and minima of the diurnal alternations of the surface of 
tho earth.' 

« Wo liavc friKjHentlj- nlliiilcit fo tlio condcnsniioit of \a]ior Ly inoLin- 
tniiii tmA liigli lnnilg,for tho renson Ihat tlicy require ft g«nlcr force of rota,, 
tioii. Tlio fact is thus dearly o.\|>rc9sca by M. Guyot: "Tlic inoimlnin 
chniiig arc, (lion, llie gwnt conrtonscrs plnccd by nnliu'o, here niiil llicrc 
Moitg flie coiilhietils to roll Iho winds of Ilicir (iCflsiivcs, lo net as reservoirs 
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.From tliis cause ivo have tlio dilTcrcnt ciiarflctcr of llic two 
opiiositc vi'mds of our cliTtmte, llio nortU-wcst, and the south- 
east. Tho ono is tlic polar current, m winch the air comes 
from the north, iticlining to the cast because of accelerated 
rotation ; in the other the air comes fi'om the south, witli an 
JTiclination to the west from retafdcd rotation. The one lias 
more, tlio other less, tlian tho novmni force ; the ono by (ho 
additional force increases tho tension of vajior, the other by 
the diminished foi-eo decreases it ; the one imjiarts forco, 
and ^vatcr passes into vapor, tho other withdra«'s forco «nd 
tho vapor condenses ; the one usually gives dry and clear 
weather, the other, fog, rain or snow. Of com'se the char- 
acter of tlie ivind is modified in some degree by itg pnssago 
over water or land, but, notwithsfonding this moclification, 
tho characteristic difforenco of these winds remains, and is 
proved, not only ))y the difl'oretit tension of vapor, btit by 
their contrary cflcct;! on the animal organination. Tlio ono is 
an CNliilarating, exciting wind ; the oUier is unelaslic and 
depressing.* 

for tlio I'fliii wflliM's, niid lo disliibiilo fliiim nfterwflifia, na llioy oiu iicwicd 
ovcrllicsurraiiiuliiigplains." . . . "](ut nswo Jinvo Eoid llio plnttniislinvo 
nUo n mnikcd effect On llio (liBdiljiUioii of llio rniii ivntors. 'i'licir bonters 



" 'rlic cited of (lio coiiilciisiilion in tlic aupyly of tlic foi-co of I'olnilon in 
shown liy the cliaiijso it jivoitiiccs, in (lie elinraetcr of (lie wiiiits of (iiO 
(rallies, 'j'lio Irnilo >viinl is from relnrdcd rolalion of llio «tiiioEphci-c. 
TlioeO{iious condcnsntioii □rthoiiioistin'oorilioiiir Into eloiids, and of ttio 
e-loitds into rniii, nl tlie miny scnson, breaks up tho trade winds. When 
tlic Irnde wind blows with i(a nociistoined legiilnrity tliove is no condonsit- 
tion, 'ihcEiir isdty and tho ntmosphoco elondless.' Tlio ]ioriodicnl rahia 
of tho IfOjiics follow Ibo sun, or rallier follow (lie cxlroine dininetcr of the 
Eovotittion of llio earth." 

* " This conllici of polnr nod cfiiialorlal winds," stiys SI. Cliiyot, " opjio- 
silc ill ehnracWi- mid diicelioii, gives (o our cliiniilo one of ils most diaV' 
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How vai'ious ai'c tlio eonsidcrationu, Iioir inimcrous aro 
t!io faefSj-wlucK accm to siipiiort the [losition, thttt vaiiorinalioii 
and GOtMlcnsalioii aro among tiic means of prc.scrvi»,'; t)to 
eqiiilibriiiin of motion ! 'I'lic bright anrt clear sky, tlie dark 
and lowcrin,'; cloud, dry wcatlici", fog aiul mist, the pntclicd 
earth, and tho copious rains, — these cvcv-varyin^ alterna- 
tions apeak to us iiot of tho changing heat of tho swn only, 
nor of a ligiitor or heavier atmosphere, hut of the cvcr-piiss- 
jng ctirroiits of force, find through t)iem of tho varying level 
of rotation as indicated by the barometer. 'Who can recall 
the high olectrieal stato of a clear day in niidiviuler ov mid- 
smmnor, tho damp easterly winds of spring, or the miivhy 
atmosphere of the dog-days, and not perceive that the ten- 
sion of vapor is determined in some degree by tho varying 
motions of tho earth, as she speeds in tho diitcrcnt parts of 
her orbit ? 

A\'"e divide the winds iTito two classes, ■— the normal winds 
of the region where they oconr, and tho occasional winds 
arising from local dislurbaTiees of the level of i-otation. 
At the extremes of rotary velocity, in tho equatorial and 
polar regions, the prevailing winds are of tho fornior class. 
There are the regular tropical winds, and (he rcgidar polar 
currents of tho northern and southern regions, arising from 
tho retarded or accelerated motion of tho atmosphere. 
Midway there is no prevailing atmospheric current, and tho 
winds arising from local changes appear fitful and capricious, 
-t'lie regular winds arc far-pervading, and blow in right lines 

nclcrislic fcaiiircs, its clwngoaWoness, tts csiiomc \iitie(y of (empevaitivc, 
of dryness niid inointiira, of fair weather ninl font." . . . . " Tlio point 
winds wlH provnil in a coimtvy nnd will oiidniigov tho crops by tho pro- 
loned dryness of tho Bimosplici-e, while ttivllicr cast or west, tho liadc 
winds will fijiread ferlllitj- hy l>enG(ic«iit rains." 
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or ill eiivvcs of wide rndii ; the occasional cover a more lim- 
ited range, moving in narroiv circles. 'I'lio ono class has tlio 
cliaraetor of uniformity j those of tlic oflicr are storm winds. 
'J'lma tlie hnrrieanc of the tropics is usually a westerly wind ; 
in our regions, and especially further north, tho easterly 
winds bring the most frctjucnt tempests. Storms being in- 
duced by suddon cJtangcs of level, the air moves ivitli tho 
i\owly aeciuivcd forco in a circle, nnd, as tho depression 
propagates its undulation, the circle advances, '.I'ho cause 
preceding tho cftect, and tho ciian^c of level being tlie 
cause, the barometer indicates tho approaching tempest by 
its sudden oscillation. Storms accompanying the prevailing 
winds arc occasioned by local disturbances accelerating 
tlicKo winds. 

"We regard, tlieii, the changes in tl\c direction and inten- 
sity of the winds, as determined by tlic transfers of forco 
fL'om altered levels of rotation, and by changes in the position 
of the earth. !rho theory which we present for consideration 
will not only thus explain the great phcnonicnaof tlie wcathei', 
but also many of its apparently Jitful cliangcs. AVe liavo a 
reason, for instance, for tho want of permanency of fair 
weather, when tho wind of our climate (laoks ut, as it is called, 
or comes round by tho north to the westward after on east- 
erly storm ; for this takes place by a local change of level, 
not by (he restoration of tho normal ivind as determined by 
the season and by geographical position. Wc have also tho 
reason for tho ec|Hinootial storms, which result from a change 
of the position of tho oavth relatively to tho sun, tho ccutro 
of revolution, giving a new direction to the ilow of forco ; 
and also for tlio changes of tlio weather connected with the 
phases of tho moon. !l'he moon is tlio people's barometer ; 
and wc believe that it not only widens oui' locnl system and 
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iiici'CRses the flow of force, but j)crioilic!tlly inoroasca nnd 
tUiJiinishcs the iutciisity of fclie flow. Clinngcs of weather 
result from Uic transfers of force, and these arc (letcvmiiicd 
l)y the molion of the world, as the moon and the oarth swcvvo 
sym]}athcticall)' in their connnoii orhifc of revolution. 

We pass to the consideration of other phenomena, which 
seem to stvcngtheu tho position that tlio diflcrcnt degrees of 
tlio tension of vapor, and the direction and intensity of the 
winds, are determined by the degree of force relatively pos- 
sessed by earth, water, nnd air, and that the tempest and 
storm are but transfers to prescr\'0 tho equilibrium of 
motion, — that they arc not accidents, but the conacquenco 
of those alternations which {'ive to tho elements their lifo 
and activity, --■change williin a fixed limit, croating the 
" agreeable fitness " of all things in this beautiful home of 
i«an. 

'J'hevc have been oavthqnalccs in every part of the world, 
and they are not rigorously confiTtcd to any season of tho 
year. 'I'liey arc, liowe^'cr, by far the most frequent in tho 
tori'id zone, and at the commcnccmont of tlio rainy season, 
at the vernal and autumnal equinoxes, and at the changes of 
the monsoons. We trace them, then, chiefly in regions 
whore tho transfers of forco arc Iho greatest, and at the 
times of such changes Iti tho earth's position as vary her 
3notion, and give alternations to the flow' of force. An earth- 
quake sometimes changes the level of rotation of a distant 
part of the earth, in addition to tho local convnisions which 
it produces. After a violent earthquake in tho island of 
Sumatra, Darwin traced out, as a consequence of it, a, sub- 
sidence of land at a point six hundred miles distant. 'I'hero 
Iiavo been permanent elevations of a vast extent of coast by 
this means. J'Jarlhquak'cs aro not always preceded by 
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atmosiilicric cltan^csj, but aro invarial>ly siiccocdcc) )>y rains, 
cvon wlicn raiii h out of scaaou wlicrc tlioy occui'. Very 
little is known of the causo of eavth((iiakes ; ijut ivo ivill quote 
a remark of Pliny, ivliicli is sonioiviiat in accordaiiCG ivith 
our views. " 'I'hey arc because tlio elastic forces, concussivo 
by their tciiston, aceumnlato in the eartli when tUoy aro 
absent in the atniosjihci'c j " in otlicr words, the foi-co of 
motion is too {;rcat for Uie orbit of rotation, and the earth 
rises suddenly and convnisively. 

Volcanoes are alteiuled with the same phenomena as 
oartbqnakcs. In their periods of activity, beside the throw- 
ing up of great voKnnos of lava and other substances, and 
the local agitations produced, there is frequently an agitation 
of the earth, wliicli is perceived often at a very great dis- 
tance. The eruption of a volcano is attended " with fierce 
winds and deluging rains," Btromboli was considered as 
the dwelling-plaeo of jlCoIus, the regulator of the winds ; 
and the fishermen on the coast were able to foretell the 
weather by its eruptions, or by the premonitory symptoms 
of ail eruption. Tlio connection between the eruption of 
oven a small volcano and the slate of t!io barometer is 
now generally acknowledged. The earth in the vicinity 
cltangcs its level before and during the eruption. 

'I'ho connection between tUo undulations of the surface of 
the earth and the weather, tluis indicated by the carthqualto 
and tho volcano is not an exception to a general law. itt 
is, if we may bo allowed tho expression, the abnormal 
action of the law ; it is a fact, standing as it wero unnat- 
urally, out of position, thereby distinetly showing tho action 
of a law otherwise hidden under the uniformity of ils usual 
routine. 'J'liis known sympathy between the weather and 
tho change of level of a part of the earth's surface is not 
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oeeasional ov accidental. .ISy these convulsions siitldoii 
ciianges in the weathcv are piwKiccd ; l)ut it is also vavied 
by more gentle alternations. It is by the ti'ansfcrs of fovco 
that the rain falls and the winds blow. It is by the health- 
giving roadjustnionfs of the force of motion tliat ivc Imvo 
tlio occasional storm ; it is by the etiiiable (low of tho life of 
the world that ayc have the usual serenity of the face of 
Nature. 

The mean fcmporaturo of a season often chanjica over a 
large portion of tho earth. "Wo have perhaps a cold s»nn- 
mer, or a comi)avativcly mild ivintci". '.riiis iuocinality 
spreads as fron a centre. As ive go front tlita centre, tho 
excess or deficiency of boat decreases ; and, when we pass 
the limit, the increase or diminvition changes conversely, and 
we have tho opposite inorcasing alteration of tho mean (cm- 
porature. 'J'liis undulation of the enrvc of mean tempcva- 
tiivc moves mainly from north to south. How is this undu- 
lation to bo accounted for ? 'I'ho s\in shines as in former 
seasons, nor can atmospheric pressure bo tortured info a 
reason. 

We present another phenomenon coimectcd with the trans- 
mission of force, for a hasty examination. The aurora bo- 
roalis of our northern regions aj)peara to bo an arch or 
circuit of tho " magnetic force," spanning a portion of tho 
earth, as if conducting the flow fi'om whence it abounds to 
ivhcre it is needed without passing throngh the intermediate 
parts. 'I.'ho shooting cylinders of rays have been compared 
to tho flame which arises in the closed circuit of tho voltaic 
pile between two points of carbon. Is it not a ilamo stretch- 
ing between the suvchavged and undercharged parts of tlio 
earth or atmosphere ? 'L'hat it is a passage of what is called 
the galvanic fluid, wc know ; for it disturbs the magnetic 
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needle, wliicli often jioinfe to the corona of tlie avcli. It 
indicates a disttivbcd electric eontlition ; aiw), wliilc ttic liglit- 
ning in the electrical storm slioivs a siwltlcii ti'ansfci" of 
force, the aurora reiircscnts a move gradual a<ljiistmciit of the 
equilibrium. It docs not occur iii. the night-time only, but 
its i>alh may often bo traced l>y day In a circle of half- 
illuminated clouds. It ia usually accompanied by a high 
barometer and groat tension of vapor, — by all tlio phases of 
motion vliich indicate more than tlio Msunlly pvosout fovco. 
l''or (his reason ivo consider it as a distvibution of the inag- 
iiotiyn of the polar regions, passing over an already well 
supplied region. "With us tho aurora most frequently ap- 
pears after an easterly wind has subsided, and a clear ivind 
from tho northwest lias begun to diftiisc the spare force of 
the more northerly regions. 

'J'ho transfer of force shows itself often in a light winch 
fol!o\^8 its path, and attends its movements. Thevo havo 
Iteen luminous fogs ; there arc often clouds half-illumin- 
ated, shining not by reflected light, but by their own emana- 
tions. 'Without any other assignable cause, whole nights, as 
in Italy and the north of Germany in the yoav 1831, havo 
been so light tliat tho smallest print could bo read at mid- 
night. AVhat shall wo say of the phosphorescence of tho sea, 
the waters of which, disturbed by the prow of a ship, with 
a fresh wind and oleav sky, are like waves of light ? 'I'ho 
jirosonce of animalculic will not account for this ; fora certain 
electrical state of the atmosphei-o always attends it. 

But wo nuist leave this, to us, interesting brancln of our 
inquiry. Vi'a know that wo mnst havo often oi-i'cd in tho 
application of the principles which wc present ; but errors of 
application should not detract from the value of a general 
principle, Our hope is, that in our illustrations wo may 
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have been so far sHcccssfiil as to give the nccossaiy cxplan- 
ationa of oxiv vioivs, so tlint they may bo examined and 
tested, and, if found worthy, be ftjiplicd by tlioso who, from 
years of devotion to sciontlfie piii'stiits, uro more conijielent to 
ivorlx. Atmosiiberie changes seem capricious, as if ivithout 
the law ; hut this must be in appoaranec only. 'I'iio facts 
whieli nature presents are never out of rule. As science ad- 
vances, the discordant and conUictiug pticnomena dccrenso in 
number ; the periodical, unvarying, reKuiated, bcconio moro 
minieroHs ; owler extends itself, ai\d accident gradually 
puts on the appearance of design. It appears as if order 
was created by the sympathy of the mind with nature ; hut 
now in I c\ei, whether wc perceive it or not, a sovereign 
hw IS conipletrl^ ind perfectly obeyed. 'I'he change is in 
ouieehcs , ind (ho perfection of philosophy is this transfer 
of tilt, ouUi without to order within, the regularity and 
hiiniony of nituie giving distinctness and definitoness to 
thought 

Uefoic wc ckse (his chapter, we will givo the reasons why 
wcdisbohe\c nlto^'ctber in the existence of the supposed 
niteu'.e heat of the interior of onr globe. '.I'his heat would 
bo 1 xisUess foitc, ind, so far as the action of nature can bo 
tnecd out, theit. is found no unemployed or reserved dyna- 
inn, poi ci All foi-co is in unreniifting action. !l.'!iovo is 
no wasto eneifj, none pent up, confined, laid by for ulte- 
1101 U1C 11*. sensible or difthsiblo heat of the planet 
append to como fiom the vital force constantly eircuialing 
thioUtjh c\eiy pait of it, and through every clement which 
rests upon it, or cnvolop.s it. A (low of heat from the sun, 
the contro of its revolution, warms its surface, and hcneath 
it« crust the magnetism of the earth, from the decrease 
of rotary force, gradually bceomcH sensible heat as we 
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tlcscoml, I'Jie raagncUc clemcnls of any poi'Eloii o£ the 
globe may be calculated from tbo heat of tbat irortion, and 
eoiivcwcly the disti-ibutiou of tlic magnetic force may bo 
calculated from the distribution of heat. I'orco exists cvcry- 
leoaat^cj el^l resolves itself into sensible heat 
1 f 11 ci t1 a by tl tiansfci-s needed for readjuat- 
) e t& of c 1 i I lie normal action of tho nocdio is 

f t! stc ly fl f fo ce, and its variations of intensity 
aofo tloieolc o casional variations in the ern'rent. 
On tho otltei liand, the supposition of intense internal firo 
requires the belief of a jiermancnt ino(j\iality, — an abiding 
want of ccinipoiac.* 

Vi'c shall bo pointed to tho earthquake and asked, ivlionco 
its power ? "We reply, it is a sudden restoration of cquiJi- 
briuni, jjroving that the globe does not boar even slight 
irrcgnlarities, but frees itself of all supoiUuous power. In 
relation to tlio \'oleano, wo have the same answer ; and 
fnrtlier, tho force or heat exhibited by the earthquake and 
I'olcano is altogether insHllicicnt, tal<ing into consideration 
the magnitude of tho globe, to indicate that its interior h a 
nias^ of liquid five. 

^Yc shall be pointed to the crystalline structure of tho 
I'lutonic rocks, aa pioof that these rocks were onec fluid 
from intense heat, and to the uptunicd strata of the globo, 
to its distorted mountain ridges, 03 evidence that heat was 

* The writer of a valiiftblo scicniiric nrlicio in IIib ilfth volume of llio 
Xorlli Jttilisli licvicw, oppresses n somowItntsimikrUlcn. Ilotcmat-ks, — 
" When wo look nt the syslom of isolhcrinnl curves siirrouililiilg tito poles 
of vovoliilfon, nud uinrk their coliicirtonco with tlio mngtiofie poles of iiio 
carlli, nml their simiiavily (o Iho isoiljimmical iimgiielie curves, ivo aro 
(li»|ioseil lo view so i-eiiiariiiibic a phenoiiicnoi), as llie i-csult of n plijsieai 
conilition of tiio cavlli itself, anil prochiccrt !)y causes connccleil with ita 
iiingiieiie, or g.-ilvaiiic, or eheniicni fljjciificsJ' 
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neoossaiily tlio producing cause of the eoiivulsion ivliielt up- 
lifted them. AUIiOHgh we know that crystalliKation tal<C3 
place at times without scnsiible heat, liy the magnetic power, 
we are ready to admit that in the hands of God heat may 
have been the inatrument of rc-crcation ; but, bccnnso force 
under this form may have been Ilia means of action, it does 
not follow that it now remains pent up in the bowels of tho 
earth, 'riic same forco under other forms of jjowcr may bo 
doiiij; llis will in the preservalioti of the globe ivhich he fitted 
for the home of man. 

JJut how little of tho interior of the earth is known ! Man 
has penetrated n few feet only. 'I'lio upraised mountain 
which is supposed to indicate its deeper strneturo, may have 
been changed by ita elevation, and niay not represent tho 
greater depth. Wo know notliing of the beds of tho ocean, 
nothing of tho internal condition of the earth, BcientifiC 
men in liJurope are now diapnting whether this globe is a 
hollow ephere, or a solid mass, or whether its interior is com- 
posed of molten fire. Wo venture to predict that tho uiti- 
niate decision will not bo in favor of the latter supposition. 
From analogy ^ve believe in its perfect regularity of strtic- 
tiu'C ; the distortions and bondings of its upper rochs may 
be surface- changes only. 

There can bo nothing accidental in the position of any 
portion of the earth ; and, when we recur to tho fact, that 
for hundreds of miles the extended (|narrics of rock preserve 
one direction of dip, and ono angle of stratification, ■— when 
wo reinemhcr the order of tlic superposition of the various 
strata all over the world, we cannot regard tho form of llio 
earth as given to it by tho accidental heaping togetlicr of 
heterogeneous masses of mineral, convulsively connningled 
from the hursthig of its crust by the action of internal fire. 
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Beicnco with its prcscni; knowledge lias asccvtaincd a moi'o 
perfect oi'dcf than cltaneo cxplosiona could produce. 

Ill a jircvious chapter iv'o alluded to the recently discov- 
ered nifigiiotio properties of crystals. 'I'hc experimentalist 
found that diltbi'ent crystals possess this vivtuo in varying 
(lcgrecs,and that, ivlicn suspended by delicate threads of silk, 
some point to the magnetic poles, and some to tho poles of 
the earth's axis, while some act as decHnation-nccdlcs. 'J"ho 
direction ivhich tlic crystal tak<« is determined by the di- 
rection of its natural cleavages. Is not this earth, as it 
were, SHSpciulod and free to move under tho impulse of 
magnetic force ? Is not the very lay and dip of its mineral 
body, — the stratification of its framework of rock, so 
arranged that the (low of force may guide and determine its 
motion, as the minor stream of magnetic power influences 
the direction of tho crystal ? Its structure may have been 
given to it to ada)it it for its required movcraoiits, and what 
appears to us as tho accidental position of its parts, may be 
as nuich induced by law as the symmetry of tho brightest 
gem. 
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It is siijipoacd by iiiaiiy tliat tbc tlicovy of universal grav- 
itation lias been mathematically clcmoiislmted, and Hicrcfoi-e 
stands incontrovcrtibic. Tlieso <|ucstion3 will be aalied : is 
not tlic mutual attraction of tlic heavenly bociios tbe very 
liasis of niathomalical astronomy, by which tlic position of 
every spltevc is detorininod ; and docs not obserration eonficm 
the reasoning, and of course the theory on ivliicli tho rea- 
soning is founded ? 

Tho liand of a clock may point to the time of noon, and 
thus indicate tho position of tho sun, while neitlicr tiio 
movcmont of tho wheels, nor tho movement of tho pendu- 
lum which governs them, confoims in tho least to the motions 
of tbe sun. Tliua niathen^atical reasoning may track out the 
equable motions of the heavenly bodies, while neither tho 
theory on which the process is founded, nor the process 
itself, in the least degree indicates tho cause of the motion. 
A mathematical process is at times even aided by fiction, 
and is often successful wlicn the theory on which it is based 
is known to ho the very opposite of trutli. 

Under the !l.'tolcmaic theory the apjiat'cnt motion of the 
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Iicftvcnly bodies was considci'etl the li'ite aiul real movement. 
'L'ho cai-th \yas tlien boUcvcd to 1)d tlio inotionkas ccntfo 
avound wliich tlio univci'Sc rolled. With this assumption 
tlio mathematician coidd, with suvpvising exactness, project 
ecli|)sesj and predetermine the relative position of a sphere 
at any given fiittn'o time. l\'ilh (Ins obviously false theory 
as tlio groundwovk of ealeuiation, results of great accuracy 
were oljtahiod. This idea has been tlma clearly o.xprossod : 
" Now the truth is that this conipHcated and fantastic theory 
of the heavens, [the 'J?to!eniaic,] with its operose contriv- 
ances of ceeciitiic wheels, and circles ridsnj; on circles, and 
which in point of fact is false from beginning to end, is just 
ns 00 oct ii basis for astronomical calculations, as the sim- 
ile beautiful, and more ti'iitliful system of Coporni- 
e s 11 c language of Hv. Whcwell, whoso authority on 
ft 1 1 1 kc thisj no one will dispute, is, ' As a system of cal- 
c ht t is not only good, but in many cases, no bottoc 
has been discovered.' " 

'The character of the matlicniafical calculations, which 
arc I'clicd upon to ))revo that the theory of gravitation is 
applicable to the bodies composing the solar system, may bo 
learned by the following quotation fi^om the History of tho 
Inductive Sciences : " 'J.I10 difficulty of doing what Noivton 
did may bo judged of from what has already boon stated, 
that no one with his methods has yot been able to add any 
thing to his labors ; few have undertaken to illustrate ivhat 
lie has- written, and no great number have understood it 
throughout. The extreme complication of the forces, and 
of the conditions under which they act, makes the subject 
by far the most thorny walk of mathematics. It is neces- 
sary to resolve the action into many elements, such as can 
be separated ; to invent artifices for dealing with each of 
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these, and Uioii, to recomjiouiul tlic laws tliug obtained, into 
one common coiiceiition. 'I'lio moon's niolion, foi" instance, 
cannot bo conceiveti witlioitt comprcliending a scheme moro 
complex timn t!io I'tolomaic epicycles antl eccentricities in 
their worst fonn ; and tlio coinjwiicnfc pnrEs of tlic system, 
aro not niero jfeomotrical ideas requiring only n distinct 
apprehension of rolalions of space to hold thcn\ scetu'cly ; 
they are tlio foundation of mechanical noliong, and rctniivc 
to bo grasped so that we can apply to them sound mechan- 
ical reasonings. Newton's successors, in the next genera- 
tion abandoned the liopo of imi{attn<; him in this intense 
moRtfll effort ; they gave the subject over to the operation 
of algebraic reasoning, in. ivhich s//mhols think for us with- 
out our dwelling constantly on (heir meaning, and obtain 
for 08 the conscciuonccs whieh roavilt from the relations of 
space and the laws of force, however complicated he the 
conditions under which they arc combined." 

Again ; " if tlie mathentaticai calealations of the unmixed 
effect of the central force required transcoiident talents, 
Iiow nnicii imist the difliculfcy bo increased wlien other influ- 
ences prevented those first results from being accnratoly 
verified, while the deviations from accuracy woro far more 
complex than the original actioit ! If it liad not boon that 
these deviations, though surprisingly numerous and compli- 
cated, were very small in their quantity, it would have been 
impossible for the intellect of man lo deal with the subject ; 
as it was, the struggle with its difficulties is even now a mat- 
ter of n'Ondcr." 

" And even the possibifity of doing what has Ijeen done, 
depends on what wo call accidental circumstances, — the 
smalhiess of inclination and eccentricities of the system, 
and tho lilic. IT nature had not favored us in this way, 
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Ja (Jraiige \i5cil to say, there would iiavo boon an cik\ of 
gcomctiy in tliis pvoblcm." 

Witti a full admission of tho accuracy of tlio results of 
jimthcmaticsl reasoning as applied to astronomy, ifc docs not 
follow tliat the splieros attract cacli other. An aberration 
or pcrtiir]}ation of tlio earth, calculated from tlio increased 
ncftvnoss of the sun, n\ay bo correctly calculated, find yet 
tho aberration may not be occasioned by any attractive 
powor in tlie sun. '.I'ho motion of the earth may bo changed, 
hccauBC of tho greater forco of niotion relatively to tho 
diameter of hov orbit. 'L'he navigator finds the position of 
his ship l)y the aid of the imaginary lines of latitude and 
iongitudo intersecting each other ; but ifc is not these linos 
which give position to the ship. 'I'hus may tho astronomov 
find the place and determine the inotion of a planet by ima- 
ginary forces,-— the one acting inward, the other outward; 
but these forces do not give position to tho star. His 
calculation might be more dillicult, yot no less certain, if in 
the place of two conflicting forces fto used as the basis of liis 
reasoning but one forco giving directly the form of tlio orbit. 

'I'ho arithmetical calenlator takes for truth tho simple 
relations of nunibera. IIo believes in his data intuitively ; 
and he extends these, the more simple relations, to the more 
complex ratios and values. '.I'he astronomical mathemati- 
cian assumes that bodies fall by tho attraction of tho earth, 
and ho extends the attraction of matter to the spheres. 
'J)lns extension partakes not oidy of tho uncertainty of the 
premises, but also of tlic uncertainty which may arise from 
errors of mathomatioal reasoning. '.Oio assumption may be 
gratuitous, and tho process, thus intricate and complicated, 
may bo defective. Uncertainty from two sources, there- 
fore, attaches to his conclusions. The results of this math- 
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cmalical reasoning como not ivitli the auUiority of tho 
muUipJication tabic, !l.'iicrc is a vast diU'crcnco between 
pure matliomaticB and the abstrusities of reasoning winch 
extend more speciiktion, by symbols that think for the 
calculator. 'I'lic assertion tJiat two and two arc four, makes 
a diflcrcnt impression on the mind from that made by the 
calculations, by ivhich the dynamical laws of nature arc 
matheniaticalty liandled. Number, quantity, ratio, consti- 
tute the domain of mathematics. In tJiesc it is absohite, 
while it is the aid, the coadjutor only, in natural philosophy. 

'We quote the following from Stewart's Philosophy; " In 
pure mathematics when tlic trutlis wo investigate are all 
coexistent in point of time, it is universally allowed that one 
propo.sition is said to be in eonsojuonco of another, only 
with a reference to our established arrangements. 'I'lms 
all the properties of the circle might be as vigorously de- 
duced fi'om one general property of the curve, as from con- 
siderations derived from tho radii. But it docs not follow 
tliat all those arrangements would bo equally convenient ; 
on tho contrary it is evidently useful and indeed necessary 
to load the mind as far as is practicable from what is sim- 
ple to what is more complex. 'I'ho misfortune is that it 
seems impossible to carry this rnlo univei'sally into execu- 
tion, and accordingly in the most elegant geometrical trea- 
tises which ha\'c ycfc appeared, instances occur in which 
consequences are deduced from principles more complicated 
than tlicmseives." 

I'lvery one in the least acquainted with mathematical 
astronomy is aware that its great burthen has been tho 
process of correction. '.L'hua the mass of Jupiter, his 
attractive value, has been calculated and vecaleulated ; and 
13 it wonderful that in all the changing results a value 
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should at last bo hit tipon that would bring iiia infiucneo 
nndcr the theory of gravitiitioii ? 'I'bc opovatioii by which 
such results arc obtained, involves the process of integration, 
" which cannot be performed in an innncdiato manner, since 
the tjuaiUitics to be operated upon depend upon the facts, 
and thus require us to Imow the very thing which wc have 
to (lotormino by tlio operation. 'L'ho result must be got at 
therefore by fluccossivo proxiinfttions. Wo must find a 
quantity near the tiiith, and then by tho help of this, 
another, and so 0)i," Wheivell says, " Tho form in which 
the question of tho truth of the doctrine of universal gravi- 
tation now oftors itself to tho raind of astronomers is this : 
that it is taken for granted that it will account for the mo- 
tion of the heavenly bodies, and tlio question is with ivhat 
supposed masses it will give the best accotmt." 'I'liis is tho 
same as if it wore assorted that twenty plats of ground con- 
tained an equal number of acres, and, this bohig taken for 
granted, the surveyor's question is, what assumed angles of 
each plat will best conform the theory to Ins calculations of 
tho areas? 

ISut if tho mathematical process of thought could embrace 
the laws offeree and motion,— conld extend the law of 
falling !)od)cs to tho mutual relations of the planets, there is 
yet no determinate law under the theory of gravitation to 
bo carried up from tJic earth. 'I'he law of the uniformly 
accelerated motion of a failing stone has no application what- 
ever to tho equable motion of tho heavenly bodies, and tho 
law of uniformly accelerated motion is *tho only principle 
which tho fall of bodies to tho earth has yet established. 

Tlio law that attraction is in direct proportion to tho mass 
of matter which attracts, and in in\'ersc proportion to tho 
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stjuai'o of Us distance from tliat which it attracts, can ncvei' 
1)0 proved from tlio action of a falling body. JSodica fitUing 
to tho earth, wltlioiifc rofcroncc to the medium in wliich thoy 
move, fall in tho asme tinio ; a heavy pondidum vibrates in 
tlic same time as a light pendulum M'ith tho same arc ; tho 
world 19 so large in relation to falling masses, that tho reci- 
procal attraction cannot bo observed, and all that is known 
of tho earth's attraction is, that all falling masses, ivhatcvcr 
bo their quantity of matter or their distance, arc drawn ivitli 
equal force. By tho thcovy, indeed, tl\evo is an ounce 
weight's (lift'crenco between tho strength of tlio earth's at- 
traction for one ton at her surface, and her attractive force 
for this ton a mile above her surface ; but this is too small a 
diminution of attraction to be the subject of accurate expo- 
riinont. '.fo test, therefore, the theory of attraction relatively 
to mass and distance, wo must go up from the earth to the 
eplieres. Tbero again is another defeat; for, thoitgb tho 
relative distances of the licavonly bodies can bo calculated, 
there is not one of them of which Iho mass, density, or at- 
tractive power can over be known ; and without this know- 
ledge them is no proof that thoy do attract according to mass 
and distance. They attract as mnebas — they do attract! 
" lb ia by the means of tho perturbations of the planets," 
says an eminent astronomer, " as ascertained by observation, 
and compared with theory, that we arrive at a knowledge of 
the masses of those planets, which, having no satellites, oft'er 
no other hold on them for that pnrposo." . . " 't'hc perturb- 
ations of tho satellites of Jupitor have led, and those of 
Saturn will doubtless liercaftor, load to the proportion of 
thciv masses to their primaries." In this view, all difliewlt- 
ics are avoided; tbe spheres do attract according to the 
law of mass and distance, for the mass is of a changeable 
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valuo to suit tfio theory of attraction. ■ 'l.'Ims, tlio oavtli'8 
(liamctcr is, say cjj;ht thoHsanit miles, tlio moon, say two 
tliotisaiul miles ; the mass of tho earth boin^ ono, tho moon 
to fit her for her attracting oltioe, is placed at 0.1.251Y2. 
JJulk and distance arc of no conscquoiico wiiatovor ; for the 
mass of any splicrc is so fixed as to make all tUin^ confonn to 
ft law, winch is not indicated by experiment or acciirato obser- 
vation. Jint oven now there are diiTicultios, and ever have 
been. Says irorschell, " the curious and complicated oft'cct 
of perturbation has given moro trouble to geometers than 
any otlier part of tho lunar tl\eory, Newton himself had 
succeeded in tracing that part of the motion of tho apogee 
wliieh is due to tUo direct application of the radial force, 
but finding it only half what observation assigns, ho appenra 
to liavo abandoned tho subject In despair. Nor when 
i-csnmod by his successors, did the inquiry for a very Jong 
period assume a more promising aspect, and strong douhls 
were exeited whether this feature of the lunar motion could 
be explained at all on iJie Imo of ffravitatton." It was 
afterwards settled by taking more properly into account tho 
tangonti.ll force. 

'Ihcro was, too, a difliculty with tlic secular acceleration of 
the moon's mean motion, " wbioh, like tho great cciiiation of 
Jupiter and Saturn, had been long tho subject of toilsome 
investigation, Bome wcro again on tbe point of declaring 
tho theory of gravitation inadequate to its explanation, and 
others wero for rejecting altogetlior the evidence on which 
it rested." In Ibis dilemma, I.a Place stepped in to rescue 
astronomy from its roproaeh, 'i'hcro was a difliculty, too, in 
some of the relative motions of Jupiter and Saturn, " at 
one time too hmtily regarded as almost subversioe of the 
doctrine of gramtation," 



I ..Google 



Not many ycavs ago doubts were entertained by ilio 
Oerinaii astronomers, wlictlier tho law of gravitation were 
rigorously true with regard to tlio planetary bodies. Some 
calculations siiowed that the attraction of Jupiter as niani- 
fcslcd by tlio pertui'bations of the small jilaneta, Juno, Vcata, 
and I'allag, was different from tiic attraction on his own 
eatcUitcs. 'I'hcy inclined to tho opinion tliat the attraction 
of tho spheres might be eleetive. Hut this was met by a 
]iew dctorniinalion of tlio mass of Jupiter by Mr. Airy, 

One thing is certain, that it was a work of great time 
and labor, so to arrange tho masses of tlie spheres, and so 
to construct the mathematical theory, that tho perturbations 
could be made to conform to the liypothcsis of gravitation: ; 
and that now the niathomatical tlieovy is far in advance of 
obsoi-vatiou, bearing in a degree tho same relation to pei-- 
turbation, that the niathematieal theory of the tides bears to 
tho observed facts of the tides. 'I'hcro is perhaps much to 
cause tho astronomer who boHovcs in gravitation, to believe 
also that perturbation is caused by mntual attraction ; and 
yot these perturbations could not of themselves, apart from 
theory, have led to tho theory, nor can they prove the 
theory of themselves, for tho reason that the masses of tho 
spheres are determined by the theory itself, 

"W'c form the most definite idea of perturbation by tho 
analogy before alhided to, presented by a distinguished 
astronomer : — ■ " The laws of perturbation will bo indicated 
by supposing all tho spheres to be connected by imperfectly 
clastic material lies. JJy their motion thoro ivonld bo a 
forced vibration or oscillation cominunicated through the 
whole system of worlds." I'crturbation is periodic and 
diffusible ; the amount of eccentricity is equally divided, — 
what has been called the " eccentricity fund " is tho pro- 
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pci-ty of all in a certain fixed ratio. 'I'hcvc is nothing erratic, 
incidental, accidental about, it. 'I'hc iicriods of the sidci'cal 
year of the earth will be the same after a thousand inoro 
revolutions. Tlic mean form of the orbit ivill never change. 
It is inilcponclcnt of the nnmbcr of worlds, and of tlic cjHantity 
of matter that is or has been on either side of it. What- 
ever bo tho tio of the worlds, astronomci's should never Imvo 
applied to fixed and periodic changes llie word " perturba- 
tions." 'I'lie word does not belong to the movement of 
worlds, so oxaetiy balanced by Infinite AVisdom. 

In what other respect than as acconnting for pcvtwrbation 
is the Hieory of gra\'itatioii even remotely connected with tho 
movements of tho heavenly bodies ? Not surely with their 
motion. Tliat gravitation gives motion to tlie planets has 
ncvei' beon assumed by those who invented tho theory, nor 
by any of tho distinguished jiliilosophers who have npliold it, 
AH acknowledge an original impulse of motion. It is anp- 
l)osed that matter, when once set in motion, tends to movo 
onwards in a slralj/ht line with a uniform velocity forever. 
This assumption that all motion is naturally in a straight 
line, is, we believe, the foundation error ; and it is 
this assumption which necessitates the supposition of an 
attractive force to give to the straight line its ummtiiral 
curve. '.I'he asswnption of this necessitates tho suppo- 
sition of the conti-ifugal force, to keep the planets from 
falling inward wJicn drawn by the attractive force. Now it 
is found that the curvilinear motion of the planets can bo 
niathcmatically represented by the action of these two sup- 
posed forces,— the one, of gravitation, which constantly 
deflects tho straight lino into a curve, - --• the other, of repul- 
sion, which prevents the planet from being too nnieh de- 
(Icctcd. From these, thongh they may be move fictions, 
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cnn bo tlcducotl jnathoiviatically tlio (mo iiiotioiis. Of 
couvae, tliis success of the mathcinaliciaii docs not u\ tlio 
least prove tho tlicory, 

Wliowcll says, " many men of good nitoUccUial CHlturo 
cntoi'tain in relation to gravitation vague aucl perplexed 
idcfta, whicli show very cloavly that tlic acceptance of the 
idea, is the result of traditional prejudice, not of rational 
con\'ic{ioM." If the theory of gt'avitafioii be true, it is 
indeed time that every ediicated man should have fixed and 
defiuito ideas eonecrning it. It is not elaimed for the the- 
ory that this earth falls toward the sun as a stono falls to the 
earth. Attraction is equipoised by the repelling force. It 
is a statical force only. With tlic aid of its opposite force, 
it preserves the earth's distance from the sun. It is thxis 
supposed only to (lotcriniue the curve of tho orbit ; and this 
curve is modified somewhat by the attraction of other bodies. 
This is the extent of all that can be claimed for gravitation 
as acting in tlie solar system. 

We have then this simple iutcliigilile statement: tho 
impnlso of tho motion of the planet? \\hich, not modified, 
would produce motion in a straight line, by the action of the 
centripetal and ccntrifagal tendencies results in tho curvi- 
linear The attrnetivo forco is entirely incoinpcfent of itself 
to gno the orbit. It requires the supposition of an opposite 
foicc of equal intensity. If we should begin with a belief 
m the 7epuhii>e iiowcr of matter, this belief would require 
also the belief of an opjiosite force of equal intensity. JOacJi 
fiotion lequires aTiotlier fiction, — tho one destroying tho 
power of the other. 'I'hcy arc nsolcsa. 'I'he planet with 
them, or without them, moves by its own impulse of motion. 

If the centrifugal forco is the tendency of a planet to 
assume a straight lino of motion, the strength of this force 
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mn3t lo (Ictermincd hy the ati'cnj;th of tlio impulse of mo- 
tion. If tlic planet's force of motion ia always of one dogveo 
of intensity, so must be t!ic ocnti'iftigal fovcc. But a vary- 
ing attractive foi'co requires a varying centrifugal force. 
'I'lic cuvvo of the orbit (Icmanda an equal balance of repul- 
sion and attraction. If t!ie ami attract the more, centrifugal 
fovcc must ropcl tlic more, and if by a greater distance tlie 
son attract the loss, centrifugal force must repel the less, to 
preserve the curve. 

The velocity of a planet is determined by its distance 
from the sun. Unbalanced attraction. and repulsion cannot 
give a determinate distance, — balanced attraction and re- 
pulsion newtraliKO each other at any distance, Wc believe, 
then, that ive must go at once for the curve of the orbit, not 
to an original impulse of motion, but to the intensity of the 
force present to the planet. It is this, and this only, that 
determines the distance, the curve of the orbit. It is tho 
intensity of the impelling force which governs the revolu- 
tion of the spheres. Mathematicians, for the purposes of 
calcnlation, may refer to attractive and rojmlsivo forces, 
may resort to any fictions or hypetlicsca which aid their 
processes ; hut in philosophy those imaginary lines can at 
once be discharged. We may look to the heavens with 
more simple and comprehensible ideas. Wc may clear the 
starry hosts from all mathematical intricacies, and no longer 
associate tho planets with radial and tangential forces, and 
tho cen\j)lcx fictions of human weakness ; we may regard tho 
majesty of their movon\ents as true to the one groat law, — ■ 
velocity in proportion to orbit, distance according to tho 
impelling force, — ■ the spheres as united and oscillating as a 
great whole by the sweep of the hands of power, yet each 
pursuing its own course by its own inherent energy, cen- 
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turios upon centuries passing over tlicni, yet in al! tltoir 
complex rclatioHS no iioi'maucnt change. 

"We (to not mean by tlicso rciiiavka to undervalnc mathe- 
matical I'csoaroli. Matheinatica lias its power from its pecu- 
liar exactness of reasoning, and tlie dofinito langnago which 
it employs in its processes. Mathematical training gives tlie 
power of concentrated Hiought ; l)ut, as witli ail other kinds 
of reasoning, its rosiiUs, wliothcr bciiGficial to tlio world or 
not, depend on the character of the mind wlucli employs it- 
It is not an end, b«t an instrnmont ; its valne consists not in 
the ability with which the instrument is nsed, but in the 
ivorlc accomplished by it. Connected witii the physical 
sciences, it may uphold error as well as advance truth.* 

liut there is an error which has done nnicli evil in the 
world ; (hat is, that it requires the power of abstract mathe- 
matical reasoning to understand nicchanical philosophy. It 
is not so, Tho truth, if thoro arc ti-uths only to be arrived 
at by tlio praccss of mnthomatical reasoning, will be fur- 
nished by the mathcnialician. His results, if valuable, can 
be translated into the popular language. iVIathcmatieal 
investigation is a process, not a result, — an aid, but not 
success. Ferguson, who was surely distinguished by his 

* Stownil, ill liis rijilosopliy,elcpi'i!cnlcs"(lmtiiJuinali(icd aj>i)licntioii of 
tlie niHIlicnialical method to pliysipa, wliirli lifls been rfljIitonnUo for iiiniiy 
yenra, niul ivhirli seems to liavc oitginnlcd ctiiclly in Iho commanding inftii- 
encD wliicli lliej^niiisof Lcjlinitx hns so long iDninlniucdoycrtlicsricnliliR 
tnsto of most Kuropcim iialions." llo spcnks "of llio obvious toiiilcncy 
wliicli it lifls to wllhclrftw the aKciillon from (lint iiiiity of design irliioh it 
is lUo nolilcEtciiiployincnt of pliilosojihy to ithtslmtc" ..." Ttio codsg- 
quonco Iibb been, (in too many pUysieal systoms,) to level tho study of 
iifititi'c in polnlofinovalintGvcst with tlio invcsllgnfionsof tlio algclirniEt, — 
ml eObrI »'iii<;h lins f iikcn |i1a<^ most nMnavknbly, when, fiom the sutillmity 
of tlio sidijcct, it 1V.1S least lo be expceled, in the njiplicntLon of (he mei'ha- 
liieai pliilosoplLy lo tho photiomeiin of ihc lieiivcns." 
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flstronomscal kiiowleilgo, iiavdly knew tliG nofEilion of tiljjc- 
bva, and eould not (lenioiistratc a proposition of lOucliil ; and 
Kepler, ivhosD name ig indelibly imprcKscd on tlic planetary 
system, was not oven a good arithmetical calcnlator. Phi- 
losophy is not thus fenced o«t from men of ordinary educa- 
tion and common sense. 'J'ho trnths to bo understood avo 
few and simple ; and it would bo of great service if the 
general principles of philosophy woro examined by those 
who Imvc no cdncaiiona! bias to any of tbe present theories ; 
the whole, after all, is bnt an appeal to the common sense 
of tliose who arc siiHiciently educated to undci'stand tlie 
subject, 

\.b IS admitted that gravitation cannot aeeonnt for tho 
form and orbits of comets ; and, if not for these, then it 
cannot for tho minor eccentricities of tho planets, '.I'ho 
diftercncc is in degree only, not in character. Sir John 
Ilcrsciicll, in speaking of a comet, says that the laws of gra- 
'tat' a ' H'cicnt to account for such a form of ei^ui- 
1 b 1 tl t sneii a form is inconceivable without tho 

1 o f ei Kive, as well as of attractive forces. " ]iut 
f I t tl e latter of tho tail to be repelled from the 
s 1 It ct I by the nnclons, it no longer presents any 

1 H It) lie banards the opinion, in order to obtain a 
C| Is e 1 e that " the sun is pei-manontly charged 
I cle t c ty Arago found that the attractive force, as 
c\ c e 1 ] a 'y bodies, is inadequate to explain some 
] cc 1 ot of comets ; and is of opinion that tlicso 

oto 1 cate a polar force which turns one scmi- 

diamoter towards the sun, and strives to turn tlio opposite 
side away from that luminary." To aid the theory of gravi- 
tation in its application to comets, the supposition of a retard- 
ing medium has also been advanced, but with little 
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'J'he difficulty, as wo liavo said, is not in tlio character of llio 
motions of these bodies ; hut the great degree of tho eccen- 
tricity of tlieir orbita, sliovis plainly a defect m the theory 
of gravitation, wliich escapes notice when eccentricity bears 
but a small proportion to ttio diatnclor of the body or to its 
orbit of revolution. It is impossible not to perceive that 
tliG sun has not an attractivo power, when wo trace the mo- 
tion of a comet. We will suppose a eoiiict, millions of millions 
of miles away from tho sun, moving from liim under tho 
iinpulsQ of its impelling foreo, until tho central attraction, 
when immeasurably wealcened by distance, eliangos the 
direction of tho wanderer and recalls it toward the centre ; 
it rctnrns rushing toward the sun, almost in a .straight lino, 
and when so near that another quarter of an hour would 
bring it into contact ivitb the central luminary, at this near 
point, although attracted to tho centre with a force almost 
as great us that with which the sun hinds together the parts 
of I's o\ n miss it I'-aw ip>cds away against the full foi-eo 

f n to the orbits of tho planets ; 

t ivariable on the same mass and 

1 t line the form of the ellipses, or 

t ty. Attraction does not shape 

hat aetjuainted witli tho mathe- 

1 i the unvarying central force is 

ir ntions. IJut, after all, an c(|ual 

If t J heavenly body at any one dis- 

t I 1 1 1 t maintain that distance against 

f t t 1 1 ce, which is measured by the 

t) f tl [ ] f lotion. If there arc changes of 

t) 1 1 f u'vc, they mnst come from a 

tl t II dctcrjnincs tiic motion. 'I'liero 



ftl 


tt t 


\ 


tl ( 


f 1 


t tl 


HI 


1 t 


tl 1 


1 tl 


tl bl 


« 


n t 1 


th 


11 11 


t 11 



jiGoogle 



JIKOIIAXICAL l'}l!r.0S01'IIY. 299 

is something belonging to tlio planet, not to tlio sun, — a 
cliaiigo at tho civcumfcroncc, not at t!io ccnti'C of vcvola- 
tioii, lyliich gives tho peettJiavttics of tho orliit. 'I'ho (UfTer- 
ciicc botwcon tlic orbits of Mercury anil Yeniis, for instance, 
comes not from solar influence ; tins influence varies only 
with tho mass and the (hstanco. It is not mass or distance 
that dctcrininos eccentricity. Therefore, that which gives 
a different cliai'actcv to tlio orbits of tlicao two planota is 
local, and peculiar to each. The eccentricity of tho orbit 
does not come from central attraction, nor docs its el]i])tical 
form ; nor consequently, docs tl\o moan distance, nor the 
curve, nor indeed any peculiarity of the orbit of any planet. 

'I'o our mind it is another disi)i'Oof of the tl o y of f, a i 
tation as applied to the heavenly bodies, tl at t tl o s 
over tho solar system a complicated irrcgul ty It ttkes 
away symmetry, tlie simple and orderly lelat o of tl o 
spheres ; by the arrangement of masses to s it t! o t! co j it 
destroys the idea of regular progression. Fo sti ce tic 
theory presents tho moon as a mass of vapo» c j a c 1 tli 
its primary, ivhile one of Jnpitor's satellites is i a Ic o e 
dense than Jupiter himself. One planet ■? j flel ] 
another unnaturally hai-dencd, and relative le s ty shp 
back and fortli without method or order. U a s less 
dense than Saturn ; A' onus and Mars less Ic so tl tl c 
JUarth, which lies between them. As it hab bcei i ost s 
guiarly expressed, some are as light as vapor, and sonic 
heavy as load ; and between tlie extremes aro those of tho 
consistency " of water, of honey, of antimony, and of pine 
wood," all confusedly intermingled for tho purpose of 
adapting the heavens to tho theory of gravitation. 

'i'o show that we do not exaggerate in these statements, 
ivc wiil ([uote from a standard authority. " Tlie planetary 
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system in its rolationg of diamotor rikI telativo position, in 
density, time oi revolution, and ccccutricity of orbit, does 
not offer to our apprehension, any stronger evidence of 
natural necessity tiian the proportion observed in Uio distri- 
bution of land and water on the earth, and the height of 
mountain chains. In those respects wo can discover no 
common law in the regions of spaeo, or in the irrcgniavitioa 
of the cartli'3 criist," And Uic heavenly bodies arc pre- 
sented " as facts arising from the conflict of forces acting 
under unknown contlitiony." "Wo cannot avoid tlie bchcf, 
that no theory can bo sound which does not unfold tlie 
beautiful syumietry and perfection of the universe. 

It has been found tliat tlio diameter of the earth multi- 
plied by one hundred and ten, gives the sun's diameter, and 
that this product, the sun's diameter, multiplied by one hun- 
dred and ten, gives the distance of tlio sun from the cartli ; 
and also that tho moon's diameter multiplied by one hundred 
and ten, gives lior distance from ttic earth : 

7920 X 110!^-=^= 871,200, observed diameter 880,000 
871,200 xilO-. 95,832,000, " distance 95,000,000 
2160 X 110 = 2S7,G00, " « 2(17,400 

It appears fmm this, that the diameters of the lica\'CHly 
bodies have not only a fixed proporUou to each other, but 
also to tiicir distances one from the otlier. Wiamotcvs there- 
fore are not, if wo may be allowed the expression, deceptive ; 
they have an honest value. It is tho oireumfereneo of the 
planet and the swoop of its orbit, that dotoniniues its relation 
to others. Magnitudes as presented to the astronomer are 
more reliable than speculations as to density. 'Che one, 
accurate instruments and close observation will give with 
great cxaetncss; the other, hoivcver acute may bo the 
mathematician, however sound his system of calculation, 
may bo altogether erroneous. 
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Wc (1o noii boHcvc tliat ifc was hy dio " condict of mani- 
fold forces," that a onc-luintlrect-ond-tcnth part of tlio sun 
^va3 torn oiT, and cavriod one hundred and ten times lii3 
diameter in distance, thcro to bo consolidated and shaiicd 
under the direction of the ccntnjicta! and centrifugal forces ; 
and that tlic accompanying vapors wore rolled off so as to 
form a moon exactly one hundred and ten times its diamctei' 
in distance from the earth. "Wo believe that the diameters 
of the heavenly bodies are measured ono by tlic other, and 
Ijcar to ono other a fixed proportion ; that the same moas- 
viro was used, and was guided by tho sauio hand all over 
the systcn) of worlds ; that all apparent disorder or ivregu- 
huity is tho distortioii of facts as scon throngh the mists of 
our ignorance. 

"We will assume for Jlcrcnry a diameter of three thousand 
six hundred miles, and compare this with tho diametors of 
Ycniis, J'iartli, tho Moon, and Mai's. If wo discover a fixed 
relation in their magnitudes, we may reasonably suppose 
that tlic chain of progression extends through tlic whole 
system, even if some of ib connecting links aro hidden. 

Wcrciity, 3,C00 oljscvvcd iliiiin. 3,240 

Votlus, , , . 3,600-1-3,000 ^.^ 7.H00 " " 7,700 

Karti) 1111(1 SIooii, 7,200-1-7,200 r-.- M,.lOO MSiiincit T(ilne, 11,-100 
Hotlli, .... 7,200-1-720 --^ 7,920 otecivcd iliflm, 7,920 
atooii, .... 720-l-72O-|.7aO^2,10O " " 2,IG0 

Mars 9.1G0 -I- 2,160 ^ ■1,320 " " 'I.ISO 

39,000 miles 39,C0O 

The aggregate of our assumed diameters, as tJms " douhlo 
ono against tho other," is tho aggregate of tho observed 
diameters ; and, while tho aggregates thus agree, the diam- 
eters assumed for cacli do not vary niatorially from tho 
magnitudes given by tho astronomer. If wo can show tliat 
tho value of the moon by increased rotation is 6480, or in 
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other words, tliat the joini valao of the cavtli and JHOon is 
14,400 miles, ■svo establish tho fact that tho diameters of 
the planets are " built one Hi>on tlic other." * 

'.the velocity of the earth's rotation at the equator 
jnay bo stated as Ifidi miles an hour. If the (liameter 
of the cavUi ivorc ineroascd by the diameter of tho nwon, 
(7,920 4- 2,100 r^ 10,080,) rotation in the same time would 
give a velocity of about 1,200 mites an hour. 'I'ho velocity 
of tho moon's rotation is 2,300 miles an hour, 'I'liis is 
made Mp of the inereaso of 230 miles, which would ciiauo 
wore she a component part of the earth, and of twice the 
earth's velocity, eoustltuting the 2,0Y0 miles. 'I'hus, hor ro- 
tation at the circumference of tlie local system is thvcc tiuies 
the vaUic of the rotation of the earth at the eciuatorlal regions. 

I'larth, , . . . '1,^9.0 

Moon, 2100x3: =G,-.180 



14,400 miles. 

]iy the multiplication of 14,400 by IC, we have 230,400 
miles, tho minor axis of tho moon's orbit ; by the multipli- 
cation of :(4,400 by 17, we have 244,800, the major axis, 
'j'hc eccentricity of tho eliipso of the orbit is stat6d at iV . 
The mean of the two extremes 237,000 is exactly tho mean 
1 ta CO of (1 e noon from the earth as dcd\icc(l by obscr- 

t It) distai\ce as obtained by tho multi])Ucation 
of t! c 00 s I meter hy 110. 

11 e 1 sta ce of Jupiter is 5^ times the distance of the 

t! f tl sHii. 14,400 X 5i ■■--■--. 79,200, wliicJi is tho 
s U 1 t of Jupiter. If we multiply tho moon's 

1 t 1 y ve have 11,880, which is about the ajr';rc- 

' Tlwio " iiiiiiioHcal coiiieMciii'otj " oxiciul lluoii!(li Iho wliole system. 
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gfltc of (ho observed ^iainctoi'S of Jupiter's satcIUtoa, 
nai«ety, — 2508 -J- 2CC8 -f 3377 -|- 2890 ■■-■■■. 11,443 milca. 

'Hic mean distance of Mercury from tUo Sun is thirty- 
ciglit millions of miles, or forty-rivo times tlio Sun's tliamctci". 
Deduct one diameiei, ind ilx 2 -=88 gives the revolution 
of Mercury in days 'I he jnoon is IGJ tinica 11,-iOO miles 
from the earth ; 15i X 2 U days rotation. Is this a 
mere numei'ieal coiiicidcnee ? 

'1,'ho skhreal revolution of tlie moon is, say tiventy-so^'cn 
days; tho sun's lohtion, is iiici cased in relation to the 
earth by tho earth's motion m tho same direction, is twenty- 
seven days. In moi emcnis tlius involved and combined, tho 
sun and moon rotate tho same number of times for every 
revolution of the cartti. Arc the form of the orbit, tlic cii"- 
cumfcreneo of tho planet, and its motion, determined by its 
mass and distance according to the theory of gravitation ? 
'W'o rest in t)ie belief of a jicrfect symmetry of ail tho parts 
of tho solar system, and a close sympathy of motion consti- 
tuting tho universe a perfect whole. 

'I'lic preceding are rough caieulations, selected from many 
of the same cliaracter, not as tlio most striking, but beca\ise 
in a simple, nnartificial maimer, they present tho fact that 
tho dian\eters of tho spheres, as it were, grow out of eaeli 
other, and that there is a determinate relation of magnitude 
and distance rimning through the system of worlds. 'I'lio 

(iajs, obscn-. 88 ilnys 



*Merciiry, . 


45 xa^^= 


Ven.i3, . . 


. . 45 +sn^ 074X3r= 


Kailli, . . 


. . GJ4-|-a24r^ 80 x-t^^ 


Mau, . . 


. . eo 1-45 --.ass X6^ 


Vpsfa, . .. 


. . 135 H-eo =835 X0-: 



" 085 
^1330 " " 1330 
IVe thus roiiglily inilirnto n tc^ulnr progrcssioii of Iho times of fOv( 
(ion, wltiih cm Ijo c.\lortilecl ttirougli lUo s)il«m witli clilklng jiumev 
coincidences. 
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iclilioiiq of tlic^c bodies to Olio othu seem fo dcimiKl tlic 
yoilci ittcniion, foi, ^^hcn diblmetl^ tncod out, all soem 
jii( incoii , unties luil \ iiiisii, iml oulci i\iil be le^toicd fo 
the hcaiens oi, in otltoi mohH, Hit. mirifl in ^jniintliy with 
iiitiuo Mill diico\ci the ouloi tint c\ci Iitj ici^nednnd 
c\ei will icigti supicinc 

Jji'om the sudden decreagc of the diameter of Mav3 rela- 
tively to that of the lOarth, analogy ivoiild lead ns to beHovo 
ill a satoliito or satcilifcs aceompanying Mara. Ynxt llic tel- 
escope does not reveal the existence of these attciiditnts. 
AVhat are the relations of tlso Asteroids to Mara ? 

By a hasty goiioralrKatioii ivo are dtsiioscd to end the first 
fiorioH of ]>laiiot3 with the >:arth, and to considou Uuva m 
intevincdiate, or pcrlainhi,^ in gome degree at least fo tho 
system of n'orids bctivoen tho Kwth and Jupiter. Is thoro 
not anotlicr system of Asteroids hotiveen Saturn and Ura- 
nvia, and another hoyond the hounds of Neptune, and docs 
not Rystom thus interlace lyitli system through the frcafc 
ivholo ? 

Wo turn our attention for a moment to the nebular 
hyi>othesis, a short time since so goncrnlly believed, mvt 
fading aivay under tho elearor Hfjht of modern scicnco. It 
has been thus described : — " ^I'ho asscnibJago of stai's that 
form at present our soliir system, were first confounded in 
one celestial body, resenibhng one of those mysterious 
Hcbnlfo wo see (loafinj; in the celestial spaces." . . . . " But 
soon the development iiegins. A prineipio of concentra- 
tion, — gravitation, — conntcrbalaneos the unlimited expan- 
sion of tiie gaseous matter, brin^'^ tho molecules nearer 
together, and groups them in a spjicroidal mass. Tliis ap- 
proximation allows tho molccidcs diflcrent in nature to act 
upon each other according to their chemical aninitics ; tJio 
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process of life commences, and its earliest manifestation is 
!i<;lit and heat, 'I'he nebula is dotuclicd from the general 
mass, under the form of a luminous spheraid tvjiccd in the 
ob,'5carity of the hcavona. This is the first Ktep in the pro- 
cess of formation." " 'I'liis gaseous spheroid then resolves 
itself into local agglomerations, whicii, while concentrating; 
each in itself, under the intlncncc of gravitation and chemi- 
cal combinations, separate from cacli other in distinct 
spheres. 'Whctlior this phenomenon is cH'ceted, as ].a I'lacc 
imagines, hy tho siicccssi\'c separation and agglomeration of 
concentric layers of tho solar atmosphere, or in virtue of 
some organic law still nnlmoivn, is of Htltc importance here. 
'J'lio fact of the separation of tho diflcrent bodies of onr solav 
system into a number of spheres, planet-s, and satellites, is 
not leas certain, and constitutes one of -the essential and 
ineonteslihlc phases of its development." 

From another work we extract : ~-"'l'hc idea, then, 
ivliich 1 form of tho pwgrcss of orf«anic life ujioii the globe, 
(and tho hypothesis is applicable to all similar theatres of 
vital being,) is, that the simplest and most primitive typo 
(imder the law to wiiich that of Jike production is subor- 
dinate) gave liirth to tho type next above it, and this again 
produced the ncvt higher, and so on to the very higliest." . . . 
" It has been seen that, in the fC2>rofii(eiioii of the higher 
animals, the new passes thi-ough stages in which it is suc- 
cessively /s/i-/('A-e aiut reptile-like." We make thcso cpwta- 
tions to give what is called the progressive theory as applied, 
not oidy to ivorld-making, hut also to tho development of 
animal lifo. 

'.I'o alt thcso theories we may apply the language of 
Ctidwovth ; we quote from his Intellectual System of tho 
Universe, firat published in 1678. " AVhercfore, inOnito 
30 -" 
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atoms of clillbveiifc sixes and fijjurcs, devoid of oil life aud 
sense, moving foiluitoiisty from ctcniifcy in iiifmitc space ; 
and making successively several cncoiuitcrs, and cojiso- 
qucntly various jmiilexions and entanglements with cue 
anothov, produced first a confused eliaos of tiicae onniifarious 
particles, jumbling together with infiiiito variety of motions ; 
whioli aftorffard, bij the iugfjing of these iUjfcrent and cost- 
irarij forces, ivlicrcby they all Iiindercd and abated each 
otiioi', came, as it wore, by joint conspiracy, to be conglom- 
erated into a vortex or vortices ; iviiorc, after many convo- 
lutions and evolutions, molitions and essays (in which all 
maniiei' of tricks were tried, and all forms imaginable exper- 
imented,) they chanced, in length of time, here to settle 
into this form and system of things, which now is, of earth, 
■water, air, and fire ; 8\in, moon, and stars ; plants, ani- 
mals, and men ; so that Kcnscless atoms, fortHitously moved, 
and material chaos, were the first original of all things." 

'f'liere is another theory somewhat more recently revived. 
It is tho opposite of t!io development hypothesis, whether 
applied to worhl-nmking, or to tho production of tho higher 
orders and types of animal life fi-om tho lower. J!t ia tho 
very roverso, — a degradation theory; and shows us ani- 
mal life sinking below its forjncr level. '.I'iie reptiles, foi'- 
fiootli, arc not so largo as they once M'cre. There arc 
species of fislics brought into existence with eyes misplaced, 
and mouths askew. We will again quote from Cudworth : 
" Wliorofore, they allirm that tho earth brought forth divers 
monsters, and ivrogiilav shapes of animals ; 

" Orbn, ijcduin iiavliin, maiiiiuni vidunia vjcissim, 
3IuUn siiio oro cliam, sine vultii, Cieea rcpcrla." 

Of course, wc do not impute these spcenlaOons to tho the- 



I ..Google 



oiy of gi'.tviiaiion. 'L'licy ai-o not new. Jn the old fiEoraic 
pliilosojjliy, long before the theory of gvdvitation was an- 
nounced, they were |ii-cscntc<). ISul; it is an ohjcclion to 
tliis thcovy, that it iicvniits tho bolicf of the world-inakhi;; 
and lifc-j^ivinj; jiower of inattor, as resuscitated in modern 
times, to Tnid a resting iilncc in the mind. If it docs not 
produce tho nehular, tlio jn-onrcssivo, and the dc;;rada{ion 
hypotheses, it does not placo itself as a barrier a^ain36 
their introduction. 'I'his theory and those spccuiations aro 
not in opposition to each other ; and it belioovcs those who 
ivoiild maintain tho doctrine of Iho attractive power of 
matter, so to Hmifc this power that it sliaU never he repre- 
sented as the potential cause of all tlnngn. 
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It iTiay bo said that if our assertion, timt the eartli is sul)- 
jcct to occasional and periodic oscillations of surface, ivcro 
correct, these oscillnttons ivould be itidicatcd Ity cracks and 
fissures ; that as cavEliqwakcs show their a<;itat!on3, so would 
these (UictrtaUons declare themselves l>y iiiC(|.uaUtics of sur- 
face. J!ut this would not fellow ; For eartlKjuakes arc lim- 
ited, ahrupt (listiirhanccs, while the more gentle undulations 
of the cavtli, which we suppose, would bo analoj;ous in their 
movements to the bonding of on elastic spring, the curve of 
which is too gradual and too extended to produce any rup- 
ture in its parfs, J'lievatioii of the earth's surface would 
gradually tiido aivay into depressioit without any break or 
.abrupt change to mark its honuds. 

'I'lie JJritannia tubular iron bridge, it is said, at limes 
contracts and expands to the extent of three inches. This 
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is a lYiiich greater change of atomic structuvc in propovUon 
to the length of the bridge, than tlic cliango in ttio structure 
of the earth necessary to proilueo tlio rise and fali indieafcd 
by the barometer. " 'I'hc action of tlic sun at mid-day docs 
not move the tubes of tlio bridge mora Uiau a quarter or 
tlirco eighths of an inch. T}to daily expansion and con- 
traction of the tubes varies from half an inch to (lu'oo inches, 
attaining citlicr tlio maximum or minimum about S o'clock, 
A. M. and 1*. M." This statement is copied from a T.ondon 
jiapor ; if correct, it is in some degree a confirmation of our 

IIuiiH cation ably thcro arc many plausible objections that 
can bo urged against t!io bypothosis winch ^lo have oft'erod. 
It is of course incomplete ; there is much to bo learned ; 
much rcmaius for cxaniiuation, miieh for further explanation, 
Wo but indicate the mine, presenting only specimens of tiio 
surface-ore, not the raised and refined metal, 'i'lic laws of 
foi-co reciuiro assiduous attention for tlioir development, as) 
the currents of its transfer must necessarily bo numerous 
and complicated. 

Our system lias not tlio sinipUcIty of the tlieory that all 
matter attracts acconliiig to one unvarying laiv, nor is it so 
readily and easily applied. And for tliis very reason wo 
belicvo that our explanation is n\ovo true to nature ; for, 
while it throws a clear light over some prominent phenome- 
na, it has not the vagueness ivhich would permit il-s applica- 
tion at once to every fact. On the other hand, a theory may 
cover a vast ground from its very vagueness and indefiuitc- 
noss. A loose and uushapcd robe can bo throivii over any 
form ; but this easy adaptation docs not prove that it is a 
fitting, useful garment. A theory is not proved to be true 
by the readiness of its application. The trutli on the other 
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liaiul, because of its exactness, shmvs its adaptation only 
^I'lioro the fiic6 to wliicli it is applied is well uiidei'stood, and 
i(3 appHcatioi^ can bo extended jnat in proportion as tlio 
relations of tilings one to another are distinctly traced oxit. 
A true theory will bo a theory of progress. Its reception 
will bo marked by a constant advance in knowledge. 

Suppose it wore asserted that all matter was originally 
ci'oatcd in one dense and compaet mass, and that ihon a 
repulsive power was given io it, increasing in intensity in 
direct proportion to distance and in inverse proportion to 
mass ; or that space has no fixed and definite extension, but 
that it contracts and expands with an intensity in propor- 
tion to the mass and distance of the bodies which it; sepa- 
rates. All facts could be at once arranged under these 
ahsHi'd hypotheses. 'I'hey merely assort that things aro 
placed as they are placed. Does the moro reasonable the- 
ory of gravitation give any brighter light ? Is it not eliai"- 
actci'iKcd by tho same vagueness, and iho sanie readiness of 
application to all tJic phenomena of Hio univei'so ? 

In former tiinos chemistry divided all matter into four 
elements, earth, air, fire, and water. 'I'his is a simple clas- 
sific at ion, intelligible and applicable atonco. Had it been 
retained, howci'er, tho science contd liavo made no possible 
advanco. It therefore soon abandoned this easy goneralina- 
tion. In its progress it lias divided and subdivided, and it 
now presents us some sixty elements, and these combined 
and separated by the con/lict of nianifold forces. Uwt it 
will not remain a eonfuscd collection of facts. It will be 
reconstructed on a sure foundation. It will by its minuto 
exactness advance to general principles, and while it de- 
velops the relations of atoms, and of tho coiistituent clo- 
iiicnts of masses, it ivill disceri\ the \»iity of force, and 
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discover Hio gciicviil d^'namic laivs which liavo I'ciniiined 
liiddoii hccaiisc pliiloso|ihy Jias supiioscd tliat already, iit the 
law of attvaetion, it lias attained its uUimato knowledge of 
the jii'opci'tiea of matter. 

'Xhcre is somo reason, tlicreforo, to question a tliody 
of too ready appHcatioii, which docs as nnich fui tli id 
vanco of science at first, at its very inecpilon, is iftci the 
lapse of ycai'3. A theory may bo apparently nst-fid m col 
lecUng all minor douhts into one general doubt, m noi io\ 
ing obstacles from tho by-paths of science, while it fjatlicia 
togetlicr all thoso obalacles and forma a barrier in the high- 
way of pTO^resa. 'I'ho leading fact, on which tho law of gra- 
vitation is founded, is the fall of bodies to tlio earth. 'X'o 
this fact it owes its onj;in. Of couvsc, if it can explain 
niij^ht with exactness, if it can give clear ideaa in relation 
to any phenomena, -—if it liavc strength, perspicuity, dis- 
tinotucRS of illustration, uiicjuostionablo adaptation, hero it 
will be found. And if in its application to a falling stono 
tho mind receives no clear light, if even this fact remains 
enveloped in a mist of obscurity, surely there is somo reason 
to E|ue3tion the value of the theory in its more remote and 
extended applications, 'We ivill now examine the theory of 
attraction as explanatory of the fall of bodies to tho earth. 

It is said that falling bodies move faster and faster the 
longer they continue in motion. 'I'o explain this accelerated 
velocity, wo ai-e told tJiat " the force of gravitation acts not 
at onco, but at every period of descent ; of course tho velo- 
city increases as the time increases ; licncc the space de- 
scribed nuist bo as tho time multiplied by the vcloeity, 
which is the same thing as to say that tho si)aco described 
13 as the stpiarc of the time, or the time nudtipUed by itself." 
Now is it invariably tme that falling bodies move faster 



I ..Google 



812 ou■^L^^'l:s on' a bysticm of 

aiitJ fnstcr the longer tlicy conthiuo in motion ? Boos llie 
forco of gravitation act, not at once, but at cvovy povtod of 
the descent ? The answer must be that thia is not I'lgovonsly 
ti'iie hi relation to bodies fallin;; in an ave, as in the ease of 
ft pendnluiii, nor in tlio case of ivater in downward -moiion 
oi'cr an inclined plane. 'L'ho space described by a falling 
body is as tlic sc^viarc of the tiniOj only Avhcn the fall is 
pcrpeiulicular. 

It is tlic clian;;c of the level of rotation ivliich ffvca iho 
uniformly accelerated niotion. The velocity has no relation 
to the time of the fall, nor to the space described by the 
motion. It is measured by the degree of tlic change in the 
orbit of rotation. T'bis is the only statement rif;oro\is1y 
true, and universally applicable to all the circumstances of 
fl falling body. If wo divide the space of the perpendicular 
fall into equal parts, tho velocity of the first part will be as 
one, of the second as three, of the third as five, and so on j 
for the force of any part of tlio descent will be its own spare 
forco of descent, with tho addition of tho foi-eo of tho pvc- 
cedin;; parts. 'I'lio same degree of forco always doscriboa 
tho same simco in the same time ; thercforo in tho perpen- 
dicular fall the pradiicfc is tho same, whether tlic tinte or 
the si)aoe is squared. 

'I'ho question then is, whether the uniformly accelerated 
motion of a falling body ia the result of the time in \vluch it 
lias been moved by the gravitating power, or whether it is 
tho result of the change of tho level of rotation. 

On our theory, the spare force of rotation being deter- 
mined hy tito degree of the change of level, tlio downward 
motion of the falling body would Imvc an increasing velocity ; 
for the S))arc force increases with every line of actual descent. 
However minute the division of the space, tlic force at every 
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division and the velocity at cvoi-y division woiiid bo doubled. 
Hence tlio reason fov sf|iiai'ing, or multiplying hy Jlself, the 
spncc described by the fall. It is jus6 -what would be 
afliriiied as tho result of the theory, withonfc rccourso to 
observation, exiicriinent, or adinensurcment. 

On tho other hand, a uniform acceleration of the motion 
of a falling body could never have been supposed as a neces- 
sary result of the attraction of tho earth, and when observa- 
tion presents tho fact, the law of gravitation can give no 
oxpJaiiafion or elucidation of it. Accoitling to the theory, 
tho power of attraction varies only with tho mass and ivith 
the distance. {I'iie aeeelerated motion is fmni an increased 
force without an iuereasc of the attracting mass, and a force 
increased far beyond what tho lesseniuf; distance could 
supply. 

Most unquestionably, an increasing velocity of motion 
under tho sanio circHmstanccs implies a greater producing 
force. !L'o obviate this dilliCHity, it is supposed that tho 
attraction of tbe earth is cumulative, ineremonts of forco 
being added in 'proportion to tho time in whieli the eavtii 
attracts. AVhy then docs not the earth's attraction accii- 
nmlate in the body when at rest, giving it more and more 
woiglit or tendency io desceml? AYhy docs not this attrac- 
tion accnmnlatc in water falling over an inclined plane ? 
'1,'ho water is in motion uniformly and constantly towards tho 
earth. How docs the earth, when putting forth an increas- 
ing attractive power, discriminate between bodies at rest, 
bodies moving obliquely downwards, and tliose in direct 
motion toward her centre ? Mow docs tho earth propor- 
tion tlio velocity to be added to tliat already coiifcrred ? 
'I'hc theory of gravitation seems to rcqniro an intelligent 
attracliiig power, witii a nice perception of (hue, and the 
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aljiliiy of makitig iiiailicmatical calculations, so (hat fijicc 
shall bo added in the right dcgi'ocs, accoi'diiig to flic chanj^- 
iiig circmnstancos of tho mo^'iiig body. 

Galileo, ivho iiw-il announced tlio law of the square of tlio 
time, ivas nuicli {lerplcxctl hy it, and ascribes it, Bomcwhat 
(loubtiiigly, to the simplicity of the ivorks of natiU'C, saying, 
" If we attend carefully, wo shall find that no mode of 
increase of velocity is so simple as that which adds equal 
increments in equal times ; as the uniformity of motion is 
defined by the equality of spaces described in cquai time", 
so we may conceive of the uniformity of motion to exist 
whore equal veloeilics arc added in equal times." [fad 
this train of reasoning been folloi^cd out, tbc accoloratton 
would Itavc been imputed to the change of level, to the dis- 
tance of tho fall, not to the lcn;;th of the time of tbc fall ; 
it ^iould have boon tiaced to the body falling, not to tho 
cailh on ubieb ifc falls, — to a varying force, not to tho uni- 
form force of atfractioa. Iliit this reasoning co\ild not be 
resorted to hy those who believe gravitation to bo the cause 
of motion ; tbcrefoic to this day remains the lingular 
explanation of the uniform acceleration of falling bodies, 
that, to bodies in motion the earth adds constantly increas- 
ing increments of force to bo measured by the squares of tbc 
times ; tliat is, tho power of attracting increases with tho 
use of the power. 

From tliis it follows that there are two diil'ering attrac- 
tions, the attraction which gives weight and that ivliich 
causes motion, — tho one of sfationary intensity, the other 
increasing with tho time of its action. A stono on tbo sum- 
mit of a mountain has been attracted for ages ivitbont an 
increase of weight ; wlicn it fails ho\v rapid is the increase 
of tbo power which draws it down»vard ! 
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How simi)lo and iutcUij;iblo is the idea tSiat tho earth has 
no iiiflucnco whatever in the fall of a stone,' — 'that, sho im- 
[larfs neither a uniform iinpitlso nor constantly increasing 
impulses, — that tho force is alivajs, iiivariahly, in tho body 
ivhioli moves, -— that it is tho extent of the fail, not the time 
of the fall, wliicli nieasHves tlic extent of the forco liberated 
fi-OHi the (bi'co of volalion, — that this force according to its 
intensity gives motion, not doivnwavd only, but laterally and 
iijnvard, — that, if tho space described between the two 
levels of ix)tafion of the descending body is measured, tho 
quantity of force liberated to act in a new direction is ascer- 
tained, 'J'liis simple solution tjikcs away all tlio mystery 
ivliieh so lon^ has enveloped tho subject. 

And tho converse act, Ibo raising of a stono to a superior 
lovel of rotation, confirms this view. '.Vo a stone at rest, 
additional forco for its new rclafivc position must be applied, 
and,howcver supplied, its intensity is just tho forco of its fall 
through tlio same distance ; in fact, tho forco of (ho fall is tho 
forco for the rise, as is shown in tlio oscillations of a pendulum. 

!ISut what is gravitation ? " A name," said one of oiu" 
strongest men, " tiiat is given to tho veil which covers tho 
unknown from our sight." Its original signification was 
heaviness. 'J'ransferred from tho tendency to descend to 
tho act of descent, from tho act of descent to Iho effect of 
descent, from tho effect of descent to the principle by which 
all bodies descend, Ihenco it wont from the earth to tbo 
heavens, fa'St dcllecting or bending the otherwise straight 
line of tho motion of tho n\oon, then curving tlie orbits of 
all tho planets, tiieii serving as tho impelling power of tho 
sphere, then as (ho cause of all the perturbations of tbo 
orbits of (ho planets, and of tho eccentricity of the orbits of 
the comets, then causing the motion of the binary stars, oiio 



I ..Google 



SSIC ou-Tr,txi:s on a kysti:m of 

arOHiid tlie other, aiK\ whcclin;^ tlie astral systems aroiiiitl a 
centre in the tlircetioii of Hio Pleiades. lletiinHiig again 
to tlie earth, attraction takes under its ample folds every act 
of masses, every motion of atoms, --- the fiist, last, and only 
cowl by which philosophy tics the creation together, in 
atoms, masses, wovMs, ami systems of worlds, aided perhaps 
somewhat by centrifugal force, ■— the abhorrence of nature 
for curvilinear motion ! 

The {gradual extension of the power of gravitation is ivcU 
known by those who pierce 

" flio loiij;-uoj;lcct<;it, lioly tnvc, 
'I'hc liaunt ol>;emc of old I'liiloiopliy." 

JiOng boforc the days of Newton, the doctrine of t5ie attrac- 
tion of tlic earth was tanght and generally believed. Hag- 
Hctio attraction was the matrix of the idea. An analogy 
was early traced out between the descent of falling bodies 
and the rushing of particles of iron to the magnet. '.I'hus 
was established a supposed principle, — a tendency or desire 
of bodies for the prcsonco of each other, an idea wliicli is 
thus curiously expressed by Bacon : — " The oleetrical 
operation, conecrning which Oilbert and others sinco him 
ha*'c made up sucli a wonderful atory, is nothing else than 
the appetite of a body excited by friction." 'J'his appotito 
of matter for matter was tlio germ of the theory, which has 
taken sueh rapid strides from its inception by the elder 
philosophers to the present concejjtion of the schools. 

'I'he great extension of this appetite of the earth for the 
matter of adjacent masses to an ajipotito for t)io matter of 
tho moon, dates from the time of Sir Isaac Newton. 1!e- 
fore Iiis time it was hinted at, supposed, timidly expressed, 
comidered possiUo. Tho idea Iiad never been distinctly 
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avowed. It\ias in men's jiiiiKln a "Kiiadowy belief." Xfs 
(lestinctl enHiiciatioii lyns reserved for after-times. New- 
ton, as vio bhall sec, disclaimed lUo lielicf. 

'I'ho firsi coiiceiitiuii that the attraclion of tlio earth 
extended to Uic other spheres thus took its rise. ^Vhcn a 
body is falling to the earth, it also partakes of the motion of 
the cai-th around its axis. Hence the idea that, some how 
or other, the fall to the earth is connected with the motion 
of the earth. The fall of nn applo iVom the mast^liead of a 
ship, which partakes also of the motion of tho ship, and be- 
tween the two forces describes a curve in its fall, is one of 
tho coniiectinj; links of tho fiibrication of tho chain of attrac- 
tion, — both motions in the samo time, one modifying tho 
direction of tho other, ~ surely they indicate one cause ! 

!l'he idea bad, however, iSs refining process, its transition 
slate, before being fnlly incor])oraEed into philosophy. " A. 
ball thrown from a cannon describes a curve by tho mutual 
action of the impelling force and the force of attraction, 
't'ho explosion of tho gunpowder would of itself give tho 
rectilinear line, tho curve is therefore the action of gravita- 
tion," 'L'lie next step was, " If the impelling force of tho 
explosion were stiflicicnt, it would so far overcome tlic force 
of gravitation, that the ball would describe an orbit round 
the earth, without descending to its surfitcc ; if the impel- 
ling power were sulTiciontly great, gravitation would act 
only in gi\'ing the cannon ball an orbit of mtation round the 
earth like the orbit of the moon." 'I'Ken came the mathe- 
matical demonstration, that an arc of the (htflecimi of tho 
moon's orbit, cut oft" for tho calculation, is equal to the fall 
of a stone for an eipnvalent period of time. This settled all 
tlouhts, and the principle of gravitation, going up to tho 
moon, front this elevation could easily soar higher to cover 
27 ' 
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ail the motions of tlic heavenly liodios. There is no iiiii- 
(Ivaiico now to any further extension, hccaiisc, attraction 
bcinj; according to tlio density, as well as according to the 
distance of any sphere, philosophy can give to any of tho 
heavenly bodies jusfc the rcc^nircd jiowcr. Assume the law, 
then mosl; easily can density bo adjusted, so as to bring tho 
power of tho attraction of any star to the limits ncccKsary 
for the theory. ]''or instance, the sun has too great attrac- 
tive power according to bulk for the theory, but what of 
tills ? Ilia density can be arranged so as most CNactly to 
suit the theory, I'or this reason no si)hcro can trouble tho 
theory, and diflicultics are met with only in comets ; for in 
then case tln,ic is too inueh nidistmctncss, neither the bulk 
noi the mass of tiieso bodies bcni ; known. 

It IS genenlly believed thit Newton mathematically de- 
inonstnted that thu attnctmn «hi(,h impels a falhng stone, 
gucs the dLllcction of tht, oibit of tho moon, — that is, ad- 
miftm,^ tint tin, impulso iihioh give motion to the moon, 
wns it tho hegnnniig in impulse of rectilinear motion, that 
tho attnction ot the e«th jjUcs tho curvilinear form, and 
determines tho circle of her revolution. We copy nn abstract 
of the demonstration from tho X-ondon I'ln cyclopedia. Article, 
Newtonian Philosophy, as in a very few words it conveys 
the process. " If wo imagine the moon deprived of all her 
motion, and bo let go so as to descend toivard the earth 
with tho impiilse of all that force by which it is retained in 
)ier orbit, it will in tho s])aeo of one ininuto of time doseribo 
in its fall I..'*;!- J'aris feet ; for the versed sine of that arc, 
which tho moon describes in the space of one minute by its 
mean motion, at the distance of sixty somi-diamctors of tho 
earth, is nearly idf-j Paris feet. Wherefore, since that 
force ill approaching the earth increases in the rccipi'ocal 
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(iHj)licato proporiioii of tlio disfanco, and upon that account 
afc tho siivfaco of tlio cai-lh is CO X 60 greater tlmn at tlio 
moon, a boily h\ our regions falling witli tliat force ouglit in 
tho space of one inimito of time to dcscvibc 60 x CO X :[5j- 
I'at'ia foot, and in (iie space of one second of time to descrilie 
15j of tlioso feet, and with tins very force ivo actually find 
that bodies here on cavtii do actually descend." 

'i'liis dcmonstralion is incomplete in many points of view. 
In the first place, it is assumed Ihat tho stono falls by 
attraction. In tho next jjlaeo, tho moon being of one quar- 
ter of the (Itamctcv of the earth, tlicre is her reciprocal 
attraction to enter as an clement of ealciilation ; for the 
attractive forco of the stone and earth would not meaauro 
the joint attractive force of the earth and n»oon. llcr mass, 
never to ho ascertained, wouhl iniluence the rcs»\\t. Again, 
tho resisting meditnn of the motion of the stone and tho 
moon may bo diUcrcnt, malting the fall and defieotion of 
diftcrent values for the same time. 

15ut admit that tho stone foils by attraction, that tho 
moon's greater mass docs not vary tho strength of tho 
attractive force, and that tho media through which they 
move are tho same, tho attraction for the stono is a con- 
stantly increasing force, giving constant and nniform accele- 
ration of motion, while the attraction for the moon is a stati- 
cal force, bearing with uniform intensity or weight. Attrac- 
tion for tho I'ailing stono is a cumMlativc cncrgy,---for tho 
moon a constant jiowcr. ^I'he moon is not drawn toward tho 
earth, but keeps the same orbit ; she preserves, so far as 
relates to the fovco of gravitation, one diatancc. If two, 
three, or four similar arcs be cut off, of two, three, or four 
minutes, the aggregate of dcfleclioTi will be found by tho 
simple addition of tho deflection of each, —-the aggregate 
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of tlic f;iU of tlic stoiio for two, tliroo, or four sceomls, iviU 
be foiiiKl by siniaiing tlio time, not by tlio simple addition 
of ttic time. 

If ivc talte for otio elcmoiit of ealciilittion an iinifoi'inly 
accelerated velocity to be handled matliciiiftticaUy in com- 
parison with an cqiiablo velocity, it nuist bo motion for a 
dcrmito time, and the mean of this varyinj; velocity muafc 
1)0 deduced as its moasHrc or value ; for instance, take tlio 
time of tlic fait of tho stone equal to one revolution of tho 
moon, find tbc mean velocity, and compnrc this moan velocity 
ivith tlio velocity of the moon in her orbit. ^Vill a body 
falling for the ivliole timo of Ihc revolution of the moon, 
Imvo a mean ^-clocity cqttal only to tho dcflcclion of tho 
moon in one orbitual cii'clo ? Mvon here there will bo only 
an approximation to a common staudavd j for the true clc- 
iiicnt for calculation is the mean velocity of the falling atone 
for the ivholo duration of time for ivl\ich the moon Iiaa boon 
in motion. As tlie i)roposition has hccn domonstvated, tho 
result is true of one given arc of deflection, compared with 
ono second of the time and the resulting velocity of tho 
falling stono. 'J'ho inoon, if she were lot go and fell to tho 
earth, would unquestionably obey tho laws of falling bodies. 
llcr spare force of rotation would he in tho same ratio 
according to tlio change of lovol. Kvcry lino of her down- 
■ward motion would increase her velocity. Continuing in her 
orbit, her motion is uniform, equable, over the same, accord- 
ing to her distance from her centre of rotation around tho 
earth or its axis. 'I."he tivo motions liavo no analogy ; tliera 
is between them no groiuid of comparison ; the ono is 
equable, tho other accelerated, — the one is fixed, the other 
without boiuids, --- the one is incidental, the other perpetual. 
They cannot he bound together in the same mathematical 
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rcaaoiiin;;, save under tlie law of efjHal areas, and that hy 
wliicli dcci'eftsing nvoas of motion {jive out the same force 
tiiat equal hicrensinji; areas of molioii ivoiild vcqiiiro. 

'i'o coniljino thorn demands that a retarding clement lio 
added to the one, ov an accolci'atin'g clement to Uio other, 
and the dcjjree or value of tliis new clement camiot he math- 
ematically oxiircssod, since it involves the conception of an 
infinite scries. It plinigcs hs at once into tlio depths of 
transcendental matlieiualiea. 

Ncwtoti was awaro of tlio incomjjleteness of the demon- 
stration. Ho believed in a subtle ether which filled all 
space, and which gave to the spheres a retarded velocity- 
■ His disciples discarded flic ether, and succeeding philoso- 
phers adopted the bold and bare conceptioii of gravitation, 
wbicb Newton thus expressly disavows in his often rpiotcd 
letter to J)r. ]3cntlcy, 

" It is inconceivable," wiitcs Newton, " that inanimate 
brute matter should, without the mediation of something 
else wliich is not material, operate npon and aftbet other 
matter without nnitual contact, which it must do if gravita- 
tion iti tiio sense of I'lpicurus bo essential and inherent in 
it, and tins is the reason why I desire that you would not 
ascribe it to mo. It is so great an absurdity thai I believe 
no man, wlio has in philosopliical matters a competent way 
of tbinl;ing, can ever fall into it." * So even those may dis- 

* On (Ilia subject, Slewavt I'omai-ka in Jiis I'liUosopliy, — ■" It is impossi- 
ble lo coneclve, In vrlint iiinnncr one body ncis on anothoi' nt a dislnneo, 
tlivowgh ft vnennni. Jlul I eminot lulinit Hint it lomoves the dilliciilty (o 
suijposc, (tint tlio two bodies ovo in ndiinl coiHnot. Tliat oiio iiody itiaylw) 
the eflicioiit oniiso of tlio motion of nnothtf body plnccil M n Jislmico fvom 
ii, Ida by no means assert; but only that wo liave 01 good reason to 
believe that this may lio possibtc, as lo bclie^-e (lint any OiiO nnliniil event 
is llio cHicicnt cause of nnollicr." 
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card tlic attraction of bnitc mattci' most ^vllO rovci'o tho 
namo of Newton, — those who avo 

"pnssioiialo for nnticiit Irtilli 
And iioiioriiig willi vcligious lovo, tho gL'ccit 
Of elder times," 

avc not compcllcil to aJhcro to a theory, ivhich gives ono 
sphcro (I jjoffci" over another sphere, at a distance from it, 
ivithont the mediation of somcUiJiig wliiol* is not matter 
that passes l)ctwcon thorn. 

It is i\ofi woiidciful that NcwtOT\ repelled almost indig- 
nantly the imputation that ho hclicvcd in tlio attraction of 
bruf c iiiiitlei' ; hut it is surprisin'; that any man ahowld have 
a distinct conception of the harmony of tho spheres, of thcii" 
e(|uahlc niictianging veloeifios, of the fixed law of their 
movements, and find in their uniformity an analogy with a 
falling stono, between which motions there can bo no rela- 
tion whatever, no ratio of velocity, no common condition, ■ — 
tho one being permanent, the other incidental ; tho one, as 
it were tho accident, the other the law of nature ; tho one, 
a flowing in a determined orbit, tho other a passage from ono 
orbit of rotation to another orbit of rotation ; tho ono 
bearing tho stamp of perpetuity, tho otiicr being tho evi- 
dence of chatige ; the one continuons, tho other enduring but 
for a time. I'kpially surprising is it that any ono can look 
upward to the revolving spheres, in number exceeding the 
satids of tlio sea-shore, all, every ono, moving in curves ; 
or look downwards, seeing there no straight Hnes of motion, 
— ■ tho smallest level of the earth to tho oyc of philosophy 
being a curve, — knowing that tlio straight Hno, wherever 
drawn, would bo a line of collision and impiiigomont,"— and 
yet allirm, (hat not one sphere for one moment could ho 
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)iol(l to tlic curve, without tho confltoting force of gravitation 
to overcome tlie natural vcctiliueat law of motio». 

IVc Iinvc thus i)ns30<l lustily over a vast extent of illus- 
tration, and present tliis rough ontlino to the public eye. 
Wo ivisli that it were more worthy of tho subject, more 
faithful to the i<lea that ivo have formed. 

Not hy way of apologj', hiifc to give the reason for it, wc 
will ailvcrt for a moment to our fi-ciment recurrence to tho 
religious bearings of science, and to the Mosaic account of 
the Creation. The association of thia research with tho 
Bible, ca«\o early with the thought fliat in tho instaiieo of 
the rainbow philosopliy was ))ut tho .echo of tho voice of 
God, and tho connected passages were read ivifh an in- 
creased reverence and intense interest. 

'J'Jicro is no innn, however skeptical tho usual frame of 
Ins mind, lioivevcr careless and worldly tJie usual train of 
liis thought, who docs not at times look np«'arcl for support 
and direction. Nov, in a scienliric intpiiry, wticu baiilcd hi 
tlio attempt to cojnproiiend tho works of Nhturc, when 
tossed on tho changing wave of theory, can tho student 
refrain fmni seeking light, direction, authority, from above. 
Tiio mind is so constituted as to look for somo revelation 
beyond what tho face of nature presents. 

"Were tho Jlosalc aecouut of the bogimiing but the fresh- 
ness of pliilo,)Ophy, the earnest expression of tho human 
mind, nhon the earth in her early morning ivas first exam- 
ined by man, — wore tho idca.s mero thoughts handed down 
from tho beginning of tho world,- -mere traditions kept 
pure and uncontaminatod in tho liible, preserved from tho 
defdcmcnt of a passage through the minds of countless gen- 
erations,- -like tho pure waters of a mountain lake, clear 
and hpaikliug in tJie light of hea\en. because kept from a 
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(ioiling chamicl, — in this point of view, ivortliy is tlic I radi- 
tion,— -iiow iniich nioro wortliy to )ii!ii ivlio ioolis u])ou the 
Biblo ns tlio word of Gotl ! 

Ill wliatover point of view it tiiay be considered, tlicvo 
nrc strong expressions, fhcro ia a force of words, a striking 
!aiigua;:;o in i!ic first of Genesis, and if studied, not in verbal 
critieisin, but ivitli a tone of n)ind in synipatliy with its 
spirit, there may be found ligbt to show tlie constt'ticUon of 
tlio world and Hio nature of tlio olcmonts of ivliicli it is com- 
posed ; and liglit that ivill dissipate tiic mists of skepticism 
wliicli dim tho beauty and glory of creation, 

In conclusion, wo ask for a fow minutes' consideration of 
tlic clKcct of mechanical theories of tho nnivcrao on faitli in 
the superintending I'rovidcnco of God. A blameless Hfo 
and the most fervent piety liavo often been associated with 
manifest errors in philosophy ; and grievous faults and utter 
indilt'crenco to religion tia^'c been accginpanicd by the most 
eminent scientific attainments. 'J'hcrcforo a man's tlieories 
Bhould never be deemed the test of his religious cliaracter. 
Hilt, oil the otlicr hand, tlic elfcet of philosophical speculation 
on the genera! mind,- -its tendency to aid in tlio formation 
of the Christian character, or to produce a skeptical spirit, 
is a proper eubject of investigation. 

'.Plicro arc no atheists non'. No man avows his unbelief; 
nor are there any theories put forth which do not rccogni-/o 
tho existence of the Great J.>'irst Gauso. A purely mechan- 
ical theory of tito conslriiction of tho world, ~ tlic nebular 
liy|)othcsis for instance, acknowledges that God created tlio 
material from which the worlds were constructed, and that 
Ho gave to it its law, or mode of action, Jiut tliis being 
accomplished, the idea of God becomes an abstraction ; it 
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is no longer a ncccssfiiy part of the speculation, ilattcr has 
been crcatoil, and it acta ; the machino has boon constructed, 
and it continues in ojicration. Thci'o is no neod of a supou- 
intcnding I'j-ovidcnco, Mechanism, the power of niattoi', 
sfiinds in its place. Tlic spnrrow falls to the gi-ountl hccausc 
of sonic matciial sc<iucnce. 'J'lio earth is self-shaped and 
self-sustained ; its volativc position and motion aro derived 
from the action of other spheres upon it. A circle is thug 
described around all material things, excluding God, yet 
oompvelicnding within its circumfercnee all requisite poiver 
for the self-preservation and self-governmenfc of matter. 
Kotiviths landing the chilling influence of this theory, a man, 
front the original bias of Ins mind, from early education, or 
by means of the ivritfcn and spoken ivord, may retain his 
faith ; but it is not a theory to convcvt the skeptical, con- 
firm the wavering, or deepen the conviction of any mind. 
Therefore, although science has enrolled among its votaries 
the names of many men distinguished for thoir religious 
faith, it has not been prelJminont as it should liave been, for 
producing and confirming the religious character. 

IVc believe that the uUimato test of tbo soundness of 
theory in philosophy should bo its religious bearing on tbo 
character ; and that if any mcelianieal theory ascribes to mat- 
ter ijower to shape for itself its masses, or to determine for 
itself its position and motion, tliercby onfibling tbc mind to 
regard creation without the idea of a present sustaining 
God, It is not t!ic trtte theory. True philosophy will do 
more than merely to permit or tolerate a belief in God ; it 
will compel the mind to trace all things directly and innne- 
diately to Him. 

TJie belief that the universe is a vast inacJiine, in rogidar 
constant action because of the inherent po\vGrs of matter, 
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avisos ffom a supposed analogj' Jjctwccii tlio worlca of Ootl 
and of man. 'L'hoy ouglit not to ho tluis associated. The 
moans and pi-ocosscs of tlio mcclianic aro not tlic means and 
pvoecsscs of tlio AvliPicer of woi'lds. A Btcam-cnginc is 
consti'Hcled ; the dcsu'cd result is to contvol and cliangc the 
direction of the foivio of stoani hy means of tlie iron cylin- 
der, of bolta and i-oda, of pipes and valves, 'I'ho object is 
to modify the action of existing force, and this is accom- 
phshod hy using the known pvopcvtics of matter, — its elas- 
ticity and fowo of cohesion, 'I'hc engine constructed, the 
mcehanio stands aside, the spectator of its action, 'flius 
moclianical pliilosopliy regards tho world, God, by means of 
tho properties and laws of matter, has constructed a world, 
and lie then becomes only a witness of the action of the 
perfect machine. 3Jut there is no analogy whatever be- 
tween these processes, or tlioir results. 'I'lio artisan, by the 
use of mechanical powers, by wheels, lovors, and pnllies, 
seeks to control existing force, — to change established mo- 
tion. He works with tho full understanding, that, in rela- 
tion to him, there aro fixed laws of forco, and definite pro- 
perties in matter. His command over matter comes fiom 
the soctucncos established by a higher powci'. Not so with 
God. Jlattor in relation to Him has no assigned (pnility, 
3 0(0 t on derived from its inherent powei^. It is clay in 
tie I in Is of the potter. Its only attribute is ohedioneo, 
ai 1 tin, torin, position, motion given to it, its only possible 
2iO(eitj IVhcrc it is and what it is are from God, It 
hi o II of its own, nor is tlio !i)ivino Artificer constrained 
to apply tlie law which governs one form of matter to limit 
the foixjo of another form of matter. Hence to God there Js 
no machinery whatever. A planet is in its place, not by 
any virtue or energy of its own, nor by the virtue or energy 
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of any oHior splioi'C. It ia wlici'o it is, and movca aa it 
moves, not by a tneelianieal power, but by a spiritual agency, 
— not by niacliincry, but by tho will of God. Ono event 
does not liappen because of another preceding event, but 
both from His will ; ono thing ia not tho cause of another, 
but all things are obedient. 

There ia no necessity, arising from inherent pTOpcrtics of 
matter, that this earth should be tho pleasant honifc of man. 
Matter of itself cannot minister to human wants. Thoro is 
no absolute necessity that there should bo tho regulated 
succession of phenomena, by which man traces out order and 
design, 'i'Jiero is no necessarily existing coimoction between 
material eauso and cflcct. All is from tho direct and imme- 
diate wiU of God. 'I'ho natural sequences of things, tho 
regulated successions of events, are but ministrations to hu- 
man weakness. T'hc body lias wants, and thoy arc provided 
for ; the mind desires knowledge, and the creation is brought 
down as it wore to the level of its comprehension. An 
order ia stamped upon the mind, and to this onlcr, to this 
low degree of comprehension, is tho creation adapted. 

A miracle declares the presence of God ; but the miracle 
is only the sudden withdrawal of tho veil whieli nnifonnity 
of action spreads over tho Supremo I'ower, And in ono 
point of view even tho imiformity of Go<Va I'rovidenee is a 
miracle. l''or this very regulated succession, and these 
apparently predetermined results, aro tho manifestation of 
the Supreme I'owcr as conformed to tlio intellectual wants 
of the individual man. I'ivcry instance in which man traces 
the conformity of ono thing to another, every instance of tho 
discovery of order in the heavens or in the earth, is the 
manifestation of the Divine attributes, which have so con- 
structed the Universe niul tlie soul of man, that the order in 
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